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CHAPTER I
INTRODUCTION

The Numerical Electromagnetic Code - Basic Scattering Code
is a user-oriented computer code for the analysis of the far field
patterns of antennas in the presence of perfectly conducting metal
structures at UHF and above. Complicated structures can be simu-
lated by arbitrarily oriented flat plates, an infinite ground plane,
and a finite elliptic cylinder. This type of analysis has been
used very successfully in the past to model aircraft shapes:1,2,?].
The present solution has been extended to include a wide range
of problems. For example, flat plates can be used to model the
superstructure of a ship, the body of a truck, or the wings and
stores of an aircraft. The finite elliptic cylinder can be used
to model a mast or smoke stack of a ship, or the fuselage and engines
of an aircraft.

The analysis is based on uniform asymptotic techniques formu-
lated in terms of the Geometrical Theory of Diffraction (GTD)[4,5,6].
The GTD approach is ideal for a general high frequency study of
antennas in a complex environment in that only the most basic struc-
tural features of an otherwise;very complicated structure need to
be modeled. This is because ray optical techniques are used to
determine components of the field incident on and diffracted by
the various structures. Components of the diffracted fields are
found using the GTD solutions in terms of the individual rays which
are summed with the geometrical optics terms in the far field.
The rays from a given scatterer tend to interact with other struc-
tures causing various higher-order terms. In this way one can
trace out the various possible combinations of rays that interact
Latween scatterers and determine and include only the dominant
terms. Thus, one need only be concerned with the important scat-
tering components and negiect all other higher-order terms. This
method leads to accurate and efficient computer codes that can
be systematically written and tested. Complex problems can be
built up from simpler problems in manageable pieces.

The limitations associated with the co,,pui? jde result
from the basic nature of the analyses, The solution is derived
using the GTD which is a high frequency approach. In terms of
the scattering from pl3te structures this means that each plate
should have edges at least a wavelength long. In terms of the
cylinder structure its major and minor radii and length should
be a wavelength in extent. In addition, each antenna element should
be at least a wavelength from all edges and the curved surface.
In many cases, the wavelength limit can be reduced to a quarter
wavelength for engineering purposes.
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Modeling small structures and antennas can be better accom-
plished using an integral equation solution such as NEC-Moment
Methods[7]. The Basic Scattering Code has been interfaced with
the Moment Method code so that the capabilities of both methods
can be used to the fullest. For example, the Moment Method code
can be used to analyze the currents and impedance of an antenna.
The magnitude and phase of the current weights can then be used
in the Basic Scattering Code to predict the far field patterns
of the antennas in arbitrary pattern cuts.

There are two documents describing the NEC-Basic Scattering
Code. Part I is a User's Manual[8] that contains a detailed de-
scription of the input parameters, an interpretation of the output,
and example problems. The example problems are composed of sample
input data with the resulting far field patterns compared against
known results to confirm the validity of the code. Most users
of the code will find that the User's Manual is sufficient to learn
how to effectively operate the code.

This document is Part If. It describes the FORTRAN coding
in detail. Chapter II gives background on practical aspects of
the GTD. Several examples are shown to illustrate how the various
GTD fields superimpose to give a total solution. Next, a partic-
ular GTD term is discussed in more detail to show the general con-
cepts involved throughout the code. Chapter III contains an over-
view on how the code is organized. It describes the various coordinate
systems involved, how a general subroutine is organized, and howI the various subroutines are interrelated. Chapter IV contains
for each subroutine: (1) a statement of purpose. •2) an illus-
tration showing the geometry involved, (3) a brief narrative on
the method used, (4) a flow diagram, (5) a dictionary of major
variables, (6) a listing of the code. Chapter V defines the common
blocks and Chapter VI lists the system library functions used by
the code.

The information in the Code Manual will be of primary interest
to someone attempting to modify the code. It will also be helpful
when the code is being implemented on a computer system on which
the coding may not be compatible.
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CHAPTER II
BACKGROUND

The Basic Scattering Code is used to evaluate the far field
patterns of a given antenna in the presence of perfectly conducting
scattering structures. It is a useful tool in the analysis and
design of antenna placement and performance. This section provides
the reader with background on how GTD is used in the code for com-
puting the scattered fields. It also shows how to interpret
and correlate the computed scattered fields to the specific geometry
of a scattering structure. This chapter also provides a simple
view of how the code generates a specific GTD scattered term.
The explanations provided are general, giving an introduciton to
the more detailed descriptions provided later in the code manual.
For a theoretical anlaysis of the methods used in the code, the
reader is encouraged to refer to References 1, 4, 5, 6.

A. Qualitative Overview of GTD

The goal of the code is to solve for the fields scattered
in a specified direction from a source (or set of sources) by the
various features of a structure, as shown in Figure 1. The total
field in a given observation direction is obtained by taking the
swm of fields resulting from a number of different scattering
mechanisms. Each component is determined by tracing the ray through
the appropriate geometrical path and then using the Uniform Geo-
metrical Theory of Diffraction to compute the magnitude and phase
o4 the fielc it has not been shadowed. The following examples
serve to show the different mechanisms used in computing the scat-
tepid field and an example of typical fields resulting from such
mechanisms.

Example consisting of a source and a single scattering element

The geometry used is a half-wave electric dipole mounted
two wavelengths above a square plate four wavelengths on a side
as shown in Figurei2. lhe totalifield of the source and structure
is given by, T = T + t whereE is the incident field:

i incident source field, where ray is not shadowed
: 0 , where source ray is shadowed,

and Ys is the GTD scattered field:

Es fscattered fields, where the rays are not shadowed,
0 ,where the rays are shadowed.

3



SOURCE

Figure 1--Illustration of general GTO problem.

The GTD scattered field is composed of the reflected fields, dif-
fracted fields, etc. The source and reflected fields comprise
the geometrical optics fields (G.O.).

"* SOURCE

£
•_ . _ PLATE

Figure 2--Geometry for a source in the presence of a plate.
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Several single-order terms are used to compute the fields
(in the far-zone) scattered by this structure. The word "order"
here refers to the number of times the particular scattering term
interacts with the body as it propagates from the source to the
observatior point. The source (or incident) field is that field
which propagates straight from the source into the far field in
the direction of the observer as shown in Figure 3. The pattern
of the source field, in the presence of the plate, taken in the
plane of the page is shown in Figure 4. The scale used in the
patterns of Figures 4-10 is 0 to -40 dB. They are normalized to
the maximum value of the total field pattern in Figure 10.

S~/
t/ P LAT E�"',NL ",'

SHADOW

BOUNDARIES

Figure 3--,Illustration of source Figure 4--Source field.
ray paths.

The reflected field is simply the geometrical optics field
reflected by the plate as shown in Figure 5. The fields due to
zhe reflection mechanism, shown in Figure 6, are easily obtained
from image theory. The total geometrical 3ptics fields (the so
of the direct and reflected fields) are plotted in Figure 7.

5



SOURCE

NI
- REFLECTED

" • ,/ RAY SHADOW
REFLECTED \.\• I/, BOUNDARY

RAY SHADOW
EOUNDARY 't--SOURCE IMAGE

Figure 5--Illustration of plate
reflected ray paths.

t

-,,,re 6--Field ref lorted Figure 7--Geoetrical optics field

from plate, which iS the s5, of the
incident and reflected
fields.
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The diffracted fields, which include edge, slope, and corner
diffraction, are shown in Figure 8. The ray paths for edge dif-
fraction are shown in Figure 9. Figure 10 shows the total scat-
tered field. Note that the diffracted field smoothes out the
discontinuities on the G.0, fields. Although the diffracted field
magnit 8 de is continuous at the shadow boundary, the phase jumps
by 180 there. This subtracts from the lite side and adds to the
shadow side, smoothing out the discontinuity. Higher order terms
(such as double diffraction) could also be computed to further
improve the accuracy of the solution.

SOURCE

PLATE

Figure± 9--i!L�j�strion of
Fiqir- 3e--rifrat :td f elds. diffrac'•o rays.

t -

'1'

iI. •I



Fxample consisting of a source and three scatterinu elements

SOURCE L SOURCE

TOP VIEW SIDE VIEW

Figure 11--Illustration of source and scattering elements.

The geometry used for this example is shown in Figure 11.
As with the previous example, the source field, single order plate
reflections, and diffractions exist, as is shown in Figures 12-1.• 16. Field patterns in Figures 11-316 are taken in the plane normal
to the cylinder and plotted with a scale from 0 to -40 dB such
that they are normalized to the maximum value of the total field
pattern in Figure 36.

0t

SOURCE

Figure 12--Source field Figure 13--Source fields.
ray paths.
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SOURCE

Figure 14--Illustration of first order
plate ray paths.

Figure 15--Fields due to single Figure 16--Fields due to
order plate re- plate dif-
flection. fraction.

In addition to first order plate terms there are first order
cylinder terms: 1) the scattered (reflected and diffracted) fields, from the cylinder's curved surface, 2) the field reflected from
the end caps and 3) the fields diffracted by the end cap rims.
These are shown in Figures 17-21. Note that in the geometry pre-
sented in Figure 11, end cap reflections will not occur. Therefore,
a different geometry is shown in Figure 21 to demonstrate end cap
reflections. Note that with more than one body present, individual
terms are often shadowed by other bodies in the structure, creating

9
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discontinuities as shown in many of the figures (as in Figure 18
for the cylinder scattered fields).

SOURCE

Figure 17--First order ray Figure '8---First order cylinder
paths for the curved surface scattered
cylinder's curved field.
surface.

SOUR CE

Figure 19--Ray paths for end cap diffracted fields.
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Figure 20--Fields due to end cap diffraction.

SSOURCE %:ik-

Figure 21--IllustraJon of ray :iaths for end cap reflected fields.
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In addition to single order mechanisms, second order scat-
tering occurs where the ray is scattered by one body and then scat-
tered by the seccnd. Several different double scattering (or second
order) terms are computed. Double reflection, where a ray is re-
flected by one plate and then by another, is shown in Figures 22
and 23.

SOURCE

Figure 22--Ray path for double Figure 23--Fields due to
reflected fields. double reflected

rays.

Another second order scattering mechanism involving plates
is reflection-diffraction, where a ray is reflected from one plate
and diffracted by arither. This is illustrated in Figures 24 and
25. The inverse mechanism, diffraction-reflection, illustrated
ir Figures 26 and 27, involvtes fields diffracted from a plate edge
and ther reflected by another plate.

12
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SOURCE

Figure 24--Ray paths for plate Figure 25--Fields resulting
reflection-diffraction, from plate

reflection-
diffraction.

SOURCE

Figure 26--Illustration of plate Figure 27--Fields due
diffracted-reflected to plate diffraction-
ray paths. ref lection

mechanism.

13
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A number of the scattering mechanisms involve interactions
between the cylinders and one of the plates. Two such terms result
from scattering of the fields by the cylinder and then reflection
by a plate and vice-versa. Figures 28 and 29 illustrate the ray
paths and fields of rays which are reflected from a plate and
then scattered by the elliptic cylinder. Figures 30 and 31 il-
lustrate ray paths and fields resulting from ray scattered by the
cylinder and then reflected by a plate.

URCE

Figure 28--Illustration of rays Figure 29--Fields reflected
reflected by a plate by plates and
and scattered by the then scattered by
cylinder, the cylinder.

14



S OURCE

Figure 30--Illustration of rays Figure 31--Fields scattered
scattered by cylinder by the cylinder
and then reflected by and reflected by
a plate. a plate.

Another second order scattering mechanism involves fields
reflected by the cylinder and then diffracted by a plate edge.
The ray paths and fields for this term are illustrated in Figures
32 and 33. The inverse of this term is the fields of rays dif-
fracted by a plate edge and then reflected by the cylinder, as
shown in Figures 34 ana 35.

15
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SOURCE

[.

Figure 32--Illustration of ray Figure 33--Fields reflected by
reflected by cylinder cylinder, diffracted
and diffracted by by plate edges.
plate edge.

SOURCE

i I.

•, !.

Figure 34--Illustration of rays Figure 35--Fields diffracted by
diffracted by plate plate, reflected
edge and reflected by cylinder.
by cylinder.

l6.
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The total pattern is obtained by summing the field com'ponents
for the mechanisms mentioned previously. The total field pattern
is illustrated in Figure 36.

* I

Figure 36--Total fields of source in the presence
of scattering bodies.

Higher order scattering terms can also be computed, which
will in some cases improve the accuracy of the field computations.
Generally, it is found that such terms are negligible in magnitude
as well as being difficult to compute and therefore are not included
in the code. The presence of discontinuities in a final field
pattern, however, indicates the presence of regions where higher-
order terms are needed.

B. Method Used in Computing the Fields Using GTD

In order to use the Basic Scattering Code, the user first
specifies a set of observation angles, for which he desires to
obtain the far field pattern of the source(s) in the presence of
a structure. The code computes the fields over the pattern angles
specified for each source defined and uses superposition to obtain
the total fields. For each observation direction computed, the
code computes every GTO tero applicable to the structure at hand,
unless the user limits the types of terms computed. Each term
is computed independently of the others, The following gives an
outline of the procedure used in comouting a particular GTO tera.

The code first analyzes the input geometry in the geometry
subroutines. Many of the parameters which do not vary for a given

17



geometry are computed there in advance. This avoids re-computation
of fixed variables. It also gives an a priori indication of the
regions in which different GTD terms need to be included. This
allows the code to avoid performing computations where not neces-
sary.

Two examples of GTD problems involving first and seconu order
scattering phenomena are shown in Figures 37 and 38, respectively.
A basic outline of how the various fields are computed is as follows:

1. Make any a priori checks of the fixed geometry
2. Compute ray path for specific mechanism desired
3. Determine if ray is blocked anywhere by another part

of the structure
4. Use theory to compute the magnitude and phase of the

field component resulting from the mechanism. If a second
order mechanism is involved this is a two step process
where the field of the first interaction is computed
and then the field of the second interaction is computed.

SOURCE SOURCE

Figure 37--First order scat- Figure 38--Second order scat-
tered term. tered term.

The following is a tmire .pecific example of how the code computes
the fields ef a second order scattering term. The geometry, con-
sisting of a source and four plates, is illustrated in Figure 39.

18



9 SOURCE
-: EDGE I

PLATE* I-' PLATE 4

PLATE#2 PLATE #5

Figure 39--Illustration of a multiple plate example.

The code starts by choosing a source and a particular field
terr,. As an example, let us choose the field reflected by plate
#1 and Lnpn diffracted by edge #1 of plate #4. The code next
chooses an observation angle ind performs the following tasks:

1) The fixf neometry bounds are checked to see if a dif-
fraction can: Dccur in the direction specified. If it
can, the code pr.ceeds to the next s~ep. If it can't,
the code sets the f:.ids to zero.

2) Determination of ray path, The code establishes the ray
path, which includes both ti-ý reflection and diffraction
points, a- well as the propagoaion direction of the ray.
It is temporarily assu"ed that plate 01 is of infinite
extent, and that no shadowing occurs. It is also assumed
that edge #1 of plate #4 is infinite. This guarantees
that the reflection-diffraction will occur. The plate
reflection can be handled by using the image of the
sour'e in plate #f and r-oving the plate, as all the
plate reflected rays appear to ananate from the image
location (as shoou in Figure 40).

19



SOURCF.

SPURCE
IMAGE

PLATE *I

Figure 40--Illustration of the fields reflected
off of plate #1.

The code then computes the diffraction point such that
the law of diffraction is satisfied. The law of dif-
fraction specifies that the angle the incident ray makes
with the edge and the angle the diffracted ray makes
with the edge are equal as shown in Figure 41.

I!

EDGE I OF PLATE

S"U-C- MP EXTENDED
IMAGE , INFINITELY

• • POINT

Figure 41--illustration of a ray from the source isage
of plate #i diffracted from edge V of
plate #4. i

20
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Once the diffraction point is known, the reflection point
on plate #1 is found by determining the line from the
source image to the diffraction point. This reflection
point is the intersection between this line and plate
#1 as ,hown in Figure 42.

REFLECTION -

SOURCE • --- S

S,, ,FFRACTION

POINT

-0 EDGE •1 OF PLATE *4

EXTENOED INFINITELY

' .~PLATE * I EXTENDED

!4FINITELY

Figure 42--Geometry used in finding reflection
point on plate I.

The code then determines if the ray path is valid for
the finite geometry of the structure. The reflection
point is valid if the line drawn from the image source
to the diffraction point passes through the finite plate
(plate 91) as shown ip Figure 43. The diffraction, point
is valid if the point lies along the limits of the finite
edge (see Figure 44). Figure 45 shows the computed ray
path (assuLing the scatterer points do lae on the finite
pl~~te).

21



DIFFRACTION

SOURCE
I MAGE

RAY HITS FINITE PLATE, REFLECTION OCCURS

DIFFRACTION

RAY DOES NOT HIT FINITE PLATE, I:
REFLECTION DOES NOT OCCUR

Figure 43--Illustration of test for reflections from
plate #1 for two different cases.

22
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DIFFRACTION-••_ POINT-,,•
DIFFRACTION - - - P

POI NT go

B-p

--- R-C-PLATE 4 '4 PLATE *4

"DIFFRACTION POINT ON DIFFRACTION POINT NOT ON
"EDGE, DIFFRACTION OCCURS EDGE, DIFFRACTION DOES

NOT OCCUR

Figure 44--Illustration of test for diffraction from
edge #1 of plate #4.

'V

D

Figure 45--Illustration of the ray path for a field reflected
from plate #1 then diffracted from edge #1
of plate #4.
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3. Test for ray shadowing I.
The code next checks to see if the ray is obstructed anywhere

along its path. The code first checks to see if the ray is shadowed
after the diffraction by determining if a ray traveling in direction
D from the diffraction point will hit a plate or a cylinder. The

i code then checks to see if the ray is shadowed between the reflection
and diffraction points. In the example given this is the critical
area, as there are other plates in this vicinity (see Figure 46).

A
D

S~ SOURCE

Ray not shadowed between reflection and
diffraction points.

U" to.c /

PLATE *2

Ray shadowed by plate #2.

Figure 46--Illustration of test for the shadowing of the
ray of interest by a plate.

24
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The code then checks to see if the source ray is shadowed
by a plate or cylinder. If it is found that the ray is shadowed
or that the reflection diffraction specified cannot happen for
the geometry at hand, the code suspends computation of the term
and sets the reflected-diffracted ray's field to zero.

4a. Computation of reflected field incident on the diffraction
point.

The reflected field is simply obtained by using the image
source located at the image position and computing the "free-space"
fields incident on the diffraction point.

4b. Computation of the diffracted field

The diffracted field is obtained by multiplying the field
incident on the edge by the edge diffraction coefficients. The
parameters needed for the diffraction coefficients are obtained
from the geometry of the incident and diffracted rays and the edge.
The phase of the diffracted ray is then referred to the coordinate
system origin and the task is completed.

25

__;; • • • ..... .................. ,... . ... ....... .... -



CHAPTER III
CODE ORGANIZATION

The information in Chapter II is designed to present a quali-
tative view as to how the GTD is systematically used to construct
a solution to a couple of problems. This chapter is intended to
present how specific pieces of the code relate to the computation
of the scattered fields.

First a brief outline is given in Section A. In Section B
tables are given, showing the interrelationships of the subroutines
and the coimmon blocks. Ways of reorganizing the code into smaller
pieces are discussed in Section C. In Section D, a description of
which variables must be redimensioned to change the maximum number
of sources, plates, and edges is given.

In the last section, a brief discussion of most of the coor-.
dinate systems used in the code is presented. This is intended to
provide a convenient way of reducing repetitive discussion of these
systems throughout the subroutine descriptions.

A. Overview of Code

The Basic Scattering Code is organized in a systematic way to
increase the efficiency of computation by reducing core swapping
and to allow different pieces to be run separately. This feature
can be quite useful when it is necessary to run the code in a limitedamount of core.

The various operations of the code are carried out in different
classes of subroutines such as field computation, geometry, shadowing,
ray tracing, and other service subroutines. Many of the subroutines
are classified along with a brief description of their principal
functions in Table 1.

The MAIN program provides the overall control of the various
operations of the code. It controls the input of the geometry data,
which is described in detail in the User's Manual[ 8]. It prepares
the data for computation by transforming the input data into the
optimum coordinate system for computations and by normalizing vari-
ables into comon. onitr-nl o wavelengths. It also directs the com-
putation of the various GTD fields and superimposes these fields
to obtain the total far field pattern. The overall structure of
the computation section of the code is outlined below.

The ina'n oomputation section is composed of a number of large
DO loops that step through all the various sources, GTD field types,
scattering centers, and observation directions. Each loop ends ata common point where the different fields are superimposed and stored.

26
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The first loop steps through the different sources. For a particular
source the fixed properties of the geometry of the problem are first
determined and stored. This includes the a priori bounds on the
diffracted fields. These parameters are calculated in the geometry
"subroutines GEOM, GEOMC, and GEOMPC.

The MAIN program then loops through the various types of GTD fields
which are identified by integers K and J as shown in Table 1. K=1
corresponds to fields involving plates, K-2 corresponds to cylinder
fields, and K=3 to plate cylinder interaction fields. If only plates
are present only the K=1 subroutines are called, if only a cylinder
is present, only K=2 subroutines are called. If both plates and cyl-
inders are present in the geometry, all three groups of subroutines
(K=1,2,3) are called.

The MAIN program then loops through the variouspattern angles
desired. The observation directions are defined in the pattern cut
coordinate system, discussed in Section III-E-4. Subroutine PATROT
converts the observation direction to the reference coordinate system
(RCS) discussed in Section III-E-1.

The MAIN program now branches to the section of the code where
the specified GTO field subroutine is to be called. In this area
the code loops through every combination of plates, edges, endcaps,
etc. which apply to the GTD field (based on K and J) being computed.
For example, if the fields reflected by one plate and then diffracted
by another (K=1, J=5) are being computed, this section specifies every
plate-edge combination in the geometry. This operation varies with
the specific term being computed. Details are given in the MAIN program
write up on K-J sections in Chapter IV-A. For each combination of
plates, edges, etc., the MAIN program calls the appropriate field
computation subroutine (listed in Table 1 according to K and J) to
compute the scattered field.

This above arrangement of DO-loops is illustrated in the following
flow diagram.

27



FLOW DIAGRAM

Loop through sources '1

Compute parameters which are
fixed for a given source

(subroutines GEOM,GEOMC, and GEOMPC)

Loop through GTD field types pertinent
to the geometry present, based on
values of K and J (see Table 1)

Loop through observation directions

Loop through all possible combinations

of plates, edges, endcaps, etc. which
apply to the field type (based on K

and J) being computed (see section on
K and J in MAIN write up in

Chapter 4)

r.•. Call GTD field computation subroutine based
i on value of K and J (see Table 1) to

S~compute scattered field

1. Call ray tracing subroutine
2. Call shadowing subroutine
3. Compute scattered field

Sum field components with those
computed previously for this

pattern angle

-ALL
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TABLE 1
LIST OF SOME IMPORTANT SUBROUTINES AND THEIR FUNCTION

Plate Field Subroutines K=1
J=1 INCFLD - direct field
J=2 REFPLA - field reflected from a plate
J=3 RPLRPL - field doubly reflected by plates
J=4 DIFPLT - field diffracted by a plate
J=5 RPLDPL - field reflected by a plate then diffracted by a plate
J=6 DPLRPL - field diffracted by a plate then reflected by a plate

Cylinder Field Subroutines K=2
J=1 SCTCYL - field scattered by a cylinder
J=2 REFCAP - field reflected by an end cap
J=3 ENDIF - field diffracted by an end cap rim

Plate-Cylinder Interaction Field Subroutines K=3
J=1 RPLSCL - field reflected by a plate then scattered by a cylinder
J=2 SCLRPL - field scattered by a cylinder then reflected b a plate
J=3 RCLDPL - field reflected by a cylinder then diffracted by d plate
J=4 DPLRCL - field diffracted by a plate then reflected by a cylinder.

Geometry Subr~utines

GEOM - fixed geometry of the plates
GEOMC - fixed geometry of the cylinder
GEOMPC - fixed geometry of the plate-cylinder interactions.

Shadowing Subroutines
PLAINT - shadowing due to plates
CYLINT - shadowing due to the cylinder
CAPINT - shadowing due to the end caps

Ray tracing Subroutine
DFPTCL - diffraction points on end cap rims
DPTNFW - near field diffraction point on plate edge
DFPTWD - far field diffraction point on plate edge
DFRFPT - diffraction point on plate edge then reflection point

on cylinder
RFDFPT - reflection point on cylinder then diffraction point on

plate edge
RFPTCL - far field reflection point on cylinder
RFDFIN - near field reflection point on cylinder
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The computation loops are nested in this manner, because for
a given source and GTD field, a minimal number of subroutines need
to be present in the computer core and they can stay there for a
longer time than for any other loop configuration.

The field subroutines, whether they deal with reflection or dif-
fraction for a plate or a cylinder, all have the same basic construc-
tion. The field subroutines start by checking the a priori bounds
for the GTD mechanism of interest to see if it can produce a field
propagating in the given observation direction. If it can, the code
proceeds to trace the path back from the observation direction to
the scattering points to the source without regard to the other
structures in the geometry. This is accomplished in the ray tracing
subroutines listed in Table 1. After the ray path is found, the
path is tested to see if it is shadowed by any of the structures
in the geometry. The shadowing subroutines are listed in Table 1.
If the ray path has passed all the above tests the actual field
calculation begins. First the field incident on the scattering point(s)
is computed. The polarization is then converted to the proper ca-
nonical coordinate system for the particular GTO field. These co-
ordinate systems are briefly discussed in section III-E. The use
of the canonical system greatly simplifies the computation of the
fields. Next, the reflection and/or the diffraction coefficients
are computed for the problem. For example, the diffraction coef-
ficient of the edge is computed in subrotitine DW and its associated
subroutines. The incident field is then multiplied by the reflection
and/or diffraction coefficients aiong with the spread factors toI compute the GTO field. The field polarization is then converted
back to the reference coordinate system and the far field phase
factor is added. This phase factor is the usual one given by

ejks eJk, e-JkR

where s is the radial distance out from the scattering pOint, X is
the location of the scattering point, 0 is the radial vector pointing
in the observation direction, and R is the radial distance out from
the reference coordinate system origin in the far field Gbservation

direction. This is illustrated in Fiqgre 4?. The factor e-Jkk A
is suppressed at this point of the computations. It is added later
in subroutine OUTPUT, for display pu-poses only, if the user specifies
the distance R. The source weight, W, is also not added 1t this
point itn the calculations for convenience. The field therefore has
the form

( e -JkR

where E oand E 0 are calculated in the field com•putation subroutines.
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Figure 47. Illustration of the phase factor and polarization
direction relative to the reference coordinate system.

The components E0 and E are returned to the MAIN progran where
they are superimposed on the~fields from other scattering paths of
the same mechanism. The individual fields can be printed out, if
an in-depth analysis of a proble is desired. This is accomplished
by setting the logical variable LOUT true in the input set. The
subroutine PRIOUT displays the field appropriately identified by
a code number (see the write up on subroutine PRIOUT).

The code then superimwposes the fields for all the GTD teras
as they are computed, weighted by their appropriate source weiguts
and stores them by observation angle in two arrays based on polari-
zation. When all the source, GTO fields, and pattern cut loops are
finished the total result is pi-inted out in various representations
by the subroutine OUTPUT. The fields can also be plotted in various
forms at this point. The cod& then loops back to the input section
to accept A variation in the presemt geosetry or a whole new protlm.
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8. Subroutine and Common Block Linkage

In addition to the subroutines that have tben classified in
Table 1, there are many importdnt subroutines that provide necessary
services to other subroutines and to the code in general. The linkage
of these is quite complicated because of the interdependence of many
of the subroutines. A list of all the subroutines and the subroutines
in which they are used is given in Table 2.

The majority of the data information transferred in the code
is done by named cozmon blocks. This method provides the most ef-
ficient and direct scheme for the large amounts of information present
thrrugh the intertwined subroutines of the code. A list of all the
"COMWON BLOCKS and the subroutines which use them is given in Table
3.
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TABLE 2
LINKAGE BETWEEN SUBROUTINES

SOBROUTINE SUBROUTINES IN WHNICH IT Is USED
W ý14 -Not applicable

WAS MAIN.DFPTCL.OI,OUTPUT,POLYRT.PRIOUT
BLOCK DATA Not applicable
BLOWl OUTPUT
STANZ 4AII,CAPINT,CYLINT,DIFPLT,DPLRCL,DPLRPL,ENiD[F,

GEO?4,GEOqPC,OUITPUT,PATROT ,PLAINT.PRIOUT.RC'.DPL,
RCLRPL,REFBP.REFCYL,RFDF IN,RFDFPT4.RFPTCL .RPL-DPL,
RPLRCL .RPLSCL *SCLRPL ,SCT:YL,SOURqCE .TANG

CAPrNT CYLINT.GEOM1C,REFCAP
CYLINT OIFPLT,DPLRCL,DPLRPL,GEOMINCFLD,RCLDPL,RCLRPL,

REFPLA.RPLDPL ,RPLRPL ,SCLRPL
IFPTCL ENDIF
DfPTWr', DIFPLT,OPLRPL,RPLDPL
DFRF?'r DPLRCL
of 0,FPLT.DPLRPL,DW,RLOPL
DIFPLT YA1.
GPI CW
3PLRCL .,.AI1N
DPLRPL VAIN
OP'.;iFw GEOMPC
DiQG31 FKARG.RPLSCL ,SCLRPL ,SCTCYL
Dw DIFPLTDPLRCLDPLRPL,RCLDPL,RPiWnP'

cEN~ff 10AN1.1

FCT RPLSCL,SCLRPL,SCTCYL
FFCI Df.D',PLT,OPLRP',RPL0PL
FKARG RPLSCL ,SCL'RPL ,SCTC.-l-
FKY DZ
FRNELS DI.DPI.FFCT,FKY,RL-SCL,SCL.qPLSCTCYL
FUN! FKARG
GEOM MA 1'N

G E .A IN

!MA~rDPLR PL GEC1, R C;.P9L *SCLRD.
i I-10 I RGEOMC
!%*,D!R EOM.RPLRPL
INCFLDMA IN

DPLqýL,El'!JDRCLDPL.RV3RPL,REýFCYLRPLRCL,RPLSCL,
SCLRPLSCTCYL

OIJTPuT ,.A 1.1
CA'ROT MA 1.1

PFC.1 RPLSCL,SCLRPL,SCTCYL
PLAINt DFPLT.DPLRCL,DPLPPL.rjDF,GrcM.:NIcFLD.RCLDPL,

RCLRPL .PEFCAP .REFCYL ,REFPLA,RPLDPL .RPLRCL.
RPLPPL ,1PLSCL .SC'LRPL .SCTCYL.

-10LYRr DFPrCLqFDFI;4
pqIOU-, MAIl
QFUN "OLSCL.',CLRPL.SCTCYL
RADCY RPLSCI .SCL*PL .SC-TCYL
RCLDPL A*
RCLPPL )CLRPL

RMIP OPLAPL,RCLRPL,REFPLA.PFLYPL.RPLRCL,RPLRPL.P.PLSCL.
SCLRPL

REFCAP M!AIA
RfFCYL SCrCYL
REFPLA AU
RFOFIN GEOPPC
RFDFP7 RCLOPL
RFPTC, RCLqPL,RP.EFCIý,RPLRC.
RO-.AN4 YAIN
RPLDPI. MAIN

RDLRCRPLSCL
RPL-1?L MA:N
?PL SC 1 MA I N

,f:rrtY:. MAIN
OIFPLT.DPLRCL.OPLRPL,ENDI1F,I!ICFLD.RCLOPL,RCLRPL.
REFCAP,PEFCYL ,P.EFPLA,RPLOPL .RPL-L .RPLaPL.,
RPLSCL .SCLRPI..SCTCYL
DIFPLT flPL)PL RPLDPL

rAN. CYL INT :G(OYC .40EOMPC
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TABLE 3
LINKAGE BETWEEN COMMON BLOCKS AND SUBROUTINES

COMMODN BLOCK SUBROUTINES IN WHfICHI IT IS USED

011M-LOF REPTOPLR CL.~GEO4PC

8BNDFCL DIFPLT.DPLRCLOPLRPL,GEOMGEOMPC
BNDICL GEOb¶PC,RFPTCL.RPLRCL ,RPLSCL
BNDRCL GEOMPC,RCLOPL.RForPT
BNDSCL CYL INT.GEOMC,GEOMPC,RCLRPL ,REFCYL,RFPTCL,

SCLRPL ,SCTCYL
3RNPHW DFRFPT ,GED6MPC,RFOFPT
CLDRC v'AIN.DPLRCL
CLROC MA[N%,RCLDPL
CLRFC MAIN,REFCYL
CLRFr MAIN.RPLRCL
CLPFS AAIN,RCLRPL
Comp .MAINBLOCK OATAENDIF.INCFLD.RPLSCL.

SCLRPL.SCTCYL
DIP MAIN,DFPTCLDFRFPI,OIFPLT.DPLCRL,DPLRPL.ENDIF,

I.'LCFLORCLDPL ,RCLRPL,RUPCAP,REFCYL.REFPLA.RFDFPT,
RPLOPL,RPLRCL .RPLRPL,RPLSCL ,SCLRPL,SCTCYL

DOU3LE MAIN,OIFPLTL
EDIMAG OIF~PLT,OPLRPL.GECM.GEOMPC,RPLO?L
ESTOR YllIN
FARP MA I NGEOMG:OMC ,GE 0!PC , 1VC 0 1R , MDI RSOUR C E SOUR CP
FEDOAT SOURCE

FUDG REFCYLSCTCYL
FUDGI RPLRCL,RPLSCL
FUDGJ RCLRPL,SCLRPL
GEJMIEL MAIN,CAPIN'T,^YU.NTDFPTCL,OFRFPT.DPLRCL,ENIDIF,

F.(ARG.FUNI ,GEOMC,GEO$PC,NANDB8,RADCV.RCLOPL,
RCLRPL.REFCAP,REFCYL.RFDF:N.RrDFPT,PFPTCL,
RPLRCL .RPLSCL *SCLRPL ,SCTCYL .TAN4G

GEOPLA M~lN,DFPTWC.DFRFPT,!MFPLT..DPLRCL.OPLRPL,DPTNFW.
GEOMGEO.MPC. IMAGE. IYD!R,PLA1I1ff.RCLDPL,RCLRL,
REFBPREFPLA,RFDFPT.-.RFPTCL ,RPLDPL,RPLRCL,
RPLRPL ,SCLRPL

GROUND MA:N * COM ,PLAfNT,RFPTCL
GTO MAIN.FCT,RAOCV.RPLSCL.SCLRPL,SCTCYL
HITPLT DIFPLT,GECM,PLAit;T
IMAINF M4AIN.GEGM'.GEOMPC.REFPLA.RFPTCLRPLDPL.RPLRCL,

RPLRPL ,RPLSCL
IP.CINF GEOMC.GEOMPC,REFCAP
LOCaY MAIN,GEOPPC
LOGD[F MAIN.DIFPLT,DPLRPL,RPLOPL
LPLCY MArN,CYLINT,GEOMC,GEO.%?PCPLA1NT
LSHOP GEON.GEO?4AC,PLAINJT
LSHOr MAINGEOMGEOM%*PC
QUTPT,0 MAIN,OUTPUT
PATOAT MAN.PATROi
PIS MAIN.BLOCK DATA,BTANZ,CYLINT,OFPTCL,DFR 07

DIOIFPLT.OPI,DPLRCL.DPLRPLDZ.ENOIF.FCT.FFCT,
FKARGFKYFRNELS,GEOM.GEOMC.GEGMIPC, I'CFLD.
OUTPUT PATROTPFUN.,PLA [NT, PR [OUT,* F WJ,RCLOPL,
RCLRPL .REFBP.REFCAP,REFCYL ,REFPLA,RFOF'T,RFPTCL,
RPLDPL.RPLRCL.RPLRPL,RPLSCL.SCLRPL.SCTCYL.SOURCE,
SOURCPTANG

ROTRUT NAIN,ROTRAH
SOR I F MAIN,DFPTCL,DFRFPT,OIFPLT,DPLRCL.OPLRPL.ENOIF,

GEON,GEONMCGEOMPC, INCFLD,RCLDPL .RCLRPL,REFCAP,
REFCYLREFPLA.RFOFIN,RFOFPT.RFPTCL ,RPLDPL,
RPLRCL ,RPLRPL .RPLSCL ,SCLRPL ,SCTCYL

,0OtiRSF MAIN,GEOM.GEOEICGEO.MPC,SOURCE.SOURCP
SRFAC[ MAIN,GEOMC,GEOMPC
SURFAC MAIN,DIFPLT.OPLRPL,GEOMGECMPCRPLDPL
TEST MAN, CAPINT,CYLIJT.01,OIFPLT,OPI,DPLRCLDPLRPL,

EfIDIFFRIIELS,GEON.GEOM'C ,GEOMPC.PATROT.PLAINT,
RCLDPL,RCLPPL ,REFCAP .REFCYL ,REFPLA.ROTRAN,
RPLDPL.RPLRCL .RPLRPLRPLSCL .SCLRPL,SCTCYL

THPHNV; -MAIN. OIFPLT,OPLRCL,OPLRPL,ENDIF,INCFLD,RCLDPL,-
.RCLRPLREFCYL.RPILOPL.RPLRCL,SCLRPL

TOPO BLOCK OATAO[.DPI
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C. Overlay Techniques

The Basic Scattering Code is a relatively large size computer
code. Even though there are no big arrays, the large amount of
coding requires a fairly significant amount of core in which to run.
On an Amdahl computer, the code requires over 250 K bytes of core.
The code has been designed, however, with overlay techniques in mind.
Overlaying of the code can be accomplished by using the built in
overlay techniques of a computer system, or by breaking the code
up into.-srmaler independent pieces that can be run separately with
the results being superimposed later.

The code can be quite easily decomposed into three pieces. The
three sections are composed of the subroutines necessary for plate
fields, cylinder fields, and plate-cylinder interaction fields.
The subroutines required to compute the plate fields are given in
Table 4. If only plates are present in the geometry, the subroutines
that are starred would not be necessary. The starred subroitines
provide the shadowing algorithms for the cylinder. The sub'outines
required to compute the cylinder fields are given in Table 5. Simi-
larly, the starred subroutines are necessary only if plate shadowing
is desired. The subroutines required to compute the plate-cylinder
interaction fields are given in Table 6. It is possible that for
a particular problem or a particular computer system other techniques
of separating the program would be more practical. The linkage
information in Tables 2 and 3 should provide helpful information
to accomplish such a task.
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TABLE 4
SUBROUTINES USED IN PLATE COMPUTATIONS

BAB3S IMAGE
ýBLOCK DATA IMCDI R*
BLOMl I MDI R
BTAN2 INCFLD
CAPINT* OUTPUT
CYL INTA PATROT
DFPTWD PLAINY
Di PRIOUT
DIFPLT REFBP
DP I REFPLA
DPLRPL ROTRAN
DW RPLDPL
,F CT RPLRPL
FRNELS SOURCE
GEOM 'SOURCP
GEOMC* TANG*

*Non-.essential unlesA a cylinder is present in tChe geometry.

TABLES5
SUBROJITINES USED IN CYLINDER COMPUTATIONS

'IBAB S IMDIR*
BLOCK DATA INCFLD
BLOG10 NANDB
BTAN2 OUTPUT
CAP INT PATROT
CYLINT PFUN
DFPTICL PLAI NT*
DQG32 POLYRT
DZ PR IOUT
ENDIF QF UN
FCT RADCV
FKARG REFCAP
FK Y REFCYL
FRNELS RFPTCL
FUN I ROTRAN
GEOM* SCTCYL
GEOMC SOURCE
,MAGE* TANG
IMCDIR

*Non..essential unless plates are present in the geometry.
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TABLE 6
SUBROUTINES USED IN PLATE-CYLINDER INTERACTION COMPUTATIONS

BAB SNNB
BLOCK DATA OUTPUT

BLO~lOPATROT
BTAN2 PFUNCAP INT PLAINTCYL TNT POLYRTDFRFPT PR IOUTDi QFUNDPLRCL RADCVOPTNFW 

RCLDPLDQG32 RCLRPL
ow REFBPFCT RFDFINFKARG RFDFPTFRNELS 

RFPTCLFUN I ROTRANGEOM RPLRCLGEOMC RPLSCLGEOMPC 
SCLRPLI MAGE SOURCE

IMCf IR TANG
IMDI R
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D. Dimensions for So urces., Plates, and Edges

The maximum number of sources, plates, and edges that the Basic
Scattering Code can accept is not limited by the theory. Any number
of sources, plates, and edges can be used if the storage capacity
of certain variables are set correctly in the DIMENSION statements
and COMMON statements of the MAIN program and subroutines.

In order to change the maximum number of sources the code can
accept, the dimension of the following variables in the MAIN program
must be changed:

IMS(M s) XSS(Ms,3) VXSS(,3,Ms)5 WM(Ms), WP(Ms) HS(Ms), HAWS(Ms)

THOZ(Ms), PHOZ(Ms), THOX(Ms), PHOX(Ms),-

where M is equal to the maximum number of sources to be used. The
variabl• MSDX should also be set equal to the integer Ms in the text
of the code.

In order to change the number of plates and edges the code can
accept, the dimensions of the following variables must be changed in
the indicated subroutines' DIMENSION statements and in the COMMON state-
ments. The location of all the commons can be found in Table 3. In
MAIN, the dimensions of the variable XX(M M ,3) should be changed,
where M is equal to the maximum number ofpOates to be used and Me
is the Maximum number of edges allowed on each plate. The value
of the variable MPDX should be set equal to M and the variable
MEDX should be set equal to Me in the text. ?n subroutine GEOM,
the dimension of the variable IHIT(M ) should be changed. In sub-
routine RFPTCL the following dimensions should be changed:

IVD(M ), PHOR(Mp) VRO(Mp) PHORP(Mp)
Ppp pp' pp' pp

where M = 2M +1.i! pp 2p~l

In subroutine GEOMPC, the dimensions of the logical variable LCD(M
M ) should be changed. In the subroutines RFDFPT and DFRFPT the dq-
m~nsions of the following variables should be changed:

IVD(Mp,M e), PHOR(Mp,M e), THOR(Mp,M ) VRO(MpMe) URO(MpM e),

PHORP(MpMe)
p'e

The variables in the following common blocks should be changed:
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BNDDCL: VDC(M sM e UDC(2), PDCR(M ,M 2)

TDCR(MpiM eii2), DTDC(N M e)$

BTOC(Mpsime4), DDC(MpvMe.2)

BNDFCL: BD(Mp Me~2

BNDICL: DTI(M p), VTI(MP9 2), BTI(MP,4)

BNDRCL: VCD(Mps Me ), tCD(MPSMe) BCD(MP*M e 2)

BRNPHW: PHWR(MpM e)

CLDRC: LDRC(Mp, Me)

CLRDC: LRDC(MPIm)

CLtRFI: LRFI(M)
p

CLRFS: LRFS(M )
DOUBLE: IDD(361), ID(Mp~M e), ii

EDMAG: VMAG(Mp~Me)

FNANG: FNP(Mp*Me)

GEOP LA: X(Mp*Mei 3), V(Mplm s3),

pe p

MEP(M p) MPX

LDCBY: LDC(M~ e )

LSHOP: LSTS,LSTD(M)
p

LSHOT: LSHD(M ). LIHD(MPMP)

SURFAC: LSURF(M)
p

39



E. Coordinate Systems

In order to simplify the variety of geometrical calculations per-
formed in the code, a number of different coordinate systems are used.
Each system allows a certain set of computations to be performed with
maximum ease. Each of these systems are defined in terms of the ref-
erence coordinate system (RCS).

1. Reference coordinate system

The reference coordinate system (RCS) is the fundamental system
of the code. The system geometry is defined and stored in the RCS.
Many of the calculations carried out are done in the RCS. It is there-
fore also referred to as the "computational coordinate system". Each
of the other coordinate systems is defined in terms of the RCS (using
RCS coordinates or unit vectors).

This coordinate system is the fixed system that the user defines
the input geometry with respect to. However, if a cylinder is defined
using the RT: command, a new reference coordinate system is established,
before the computations begin. The z-axis of the new system coincides
with the cylinder axis, the x-axis with the "A" dimension of the cylinder,
and the y-axis with the "B" dimension of the cylinder. All the other
input geometries are rotated and/or translated to this new RCS or "cy-
linder coordinate system" using subroutine ROTRAN. This is done to sim-
plify the computation of the cylinder and plate-cylinder interaction
fields. This transformation is not visible to the user in terms of
the input or output parameters. The term "reference coordinate system"
is, therefore, used for both the original system or the new system with-
out distinguishing between them.

2. Definition coordinate system

Normally, the system geometry is defined by the user in the ref-
erence coordinate system. However, the user may choose to perform a
coordinate system transformation (using the RT: command) in order to
define part of the geometry in some preferred coordinate system. In
using the RT: command, the user creates a "definition coordinate system"
to which the data which follows the command will pertain. The user
defines the definition coordinate system by specifying the origin lo-
cation and direction of the x and zg axes unit vectors. The origin
of the definition system is d~fined St point Tk = TR(1)+" TR(2)+ý TJ(3)
in x,y,z RCS coordinates. The iH unit vector of the definition system
is defined by theta and phi angls THXP and PHXP as if it were a radial
vector. The Z unit vector is likewise defined by theta and phi angles
THZP and PHZP qn the RCS. The quantities TR, THXP, PHXP,THZP, and PHZP
are all specified by the user. Note that all geometry defined in a
definition coordinate system is intmediately transformed into RCS notation
60ing the method outlined in "transformation between systems" of this
maitual.
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If the user defines the cylinder in a definition coordinate system
(other than the RCS), the location of the system origin is stored along
with the unit vectors of the definition system axes. The main program
will later perform a transformation on the entire system geometry so
that a new RCS is created where the z-axis of the new system coincides
with cylinder axis. This new RCS is used for computational purposes.

3. Edge-fixed coordinate system

The code generates an edge-fixed coordinate system for each edge
on every plate. The three (rectangular) coordinate system axes for
each edge are positioned as follows:

1. in the plate plane and normal to the edge (the edge binormal)

2. normal to the plate

3. along the plate edge.

The unit vectors of the edge-fixed coordinate system axes are defined
(using RCS unit vectors Y, 9, Z) as;

A

VP = edge binormal R VP(MP,ME,1) + 9 VP(MP,ME,2) + z VP(MP,ME,3)

VN = plate normal = x VN(MP,1) + 9 VN(MP,2) + 2 VN(MP,3)

S= edge unit vector = x V(MP,ME,1) + & V(MP,ME,2) + z V(MP,ME,3).

Varables MP and ME specify which plate and which edge the unit vectors
apply to.

The most significant use of the edge-fixed system is determining
edge diffraction geometry. Incident and diffracted ray propagation
angles along with polarization components are calculated by taking dot

* and cross products of edge-fixed unit vectors and ray propagation and
polarization unit vectors. Edge-fixed unit vectors are also used in
calculating geometry for intersecting plates, as well as checking to

l- see if plates are flat.

The edge-fixed vectors are calculated in Section 2 of subroutine
GEOM. Further details are given in this section.

4. Pattern cut coordinate syste

The pattern cut coordinate system determines the axes about which
the conical (theta fixed) or "orange-slice" (phi fixed) pattern cut
is to be measured. Is is also the coordinate system in which tha code
output is given.

41

• . •



The user defines the pattern cut coordinate system by speri-
fying the theta and phi angles which define the x_ and z axes of
the system in the RCS (THCX,PHCX,THCZ,PHCZ, respe tively•. T•, user
then specifies the type of cut to be made (a or ý cut) and t-he
range and increment of angles (in PD: sectioR of MIN).

The pattern cut system axes are stored in a 3x3 matrix of compo-
nents which define the axes unit vectors in RCS components (see ,rrans-
formation between systems"). This matrix is used in the MAIN projram
in converting specific pattern angles from pattern cut ce~rdinate system
notation to the reference coordinate system (subroutine PATROT'. N1ote
that the pattern cut coordinate system is subject to the mass geometry
transformation that is performed in the MAIN program if the user defi es
a cylinder in a coordinate system other than the RCS (ý,sing the RT!
command). This transformation, however is not visible to the user.
Note also that definition of the pattern cut coordin,;te system is
done independently of any RT: commands. The user always defines
it in the RCS.

5. Reflection plate coordinate system

The reflection plate coordinate system is Qsed to handle reflection
from plates when image theory is not used (in subroutines DPLRPL, RCLRPL,
and SCLRPL). Only two of the three rectangular axes unit vectors are
used:

VN = plate normal (calculated in subroutine GEOM)

VT = vector tangent to plate and normal to incident (and reflected)
ray propagation direction.

The unit vectors are used to convert polarization to anid from reflection
plate coordinate system (paral1el and normal to plate).

6. Source coordinate systesm

The source coordinate system is the system in which the source
is defined. There is one such syitem for each source, although only
one appears in the computations at a given time. Each time another
source is used the source coordinate system is redefined.

For a one-dimensional source, the dipole lies along the z axis.
If an aperture sourLe is used, the source lies in the x -z plgne, cen-
tered about the oricin. In both cases the source curredt ?lows in the
Z direction.
p

Note that in this code the source coordinate system is designated
with the subscript "p". The system may also be referred to as the *primed"
or uantenna" coordinate system.
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The source coordinate system is defined by the user in the input
part of the main program. It is redefined later in the main
program within the source loop. The origin about which the source
is centered, is located at iF=x XS(1) + y XS(2) + z XS(3) in RCS
components. The unit vectors of the system axes are defined by a
3x3 matrix VXS(NI,NJ) of components. (See section on coordinate
transformations). More specific definitions and illustrations are
given in the section for subroutine SOURCE in the code manual.

7. Source image coordinate system

In many cases the code uses image theory in computing fields re-
flected from a plate. This involves computing an image source from
which the reflected rays will appear to originate (see section on sub-
routine REFPLA). Assuming the source dimensions are known, the image
source (or "source image") may be determined by computing the source
image location (subroutine IMAGE) and the source image orientation (sub-
routine IMDIR). As the source location and orientation are specified
using a source coordinate system, the "source image coordinate system"
is used to define the image source. The location of the source image
(XTM = - XIS(1) + ' XIS(2) + Z XIS(3)) is the origin of the source image
coordinate system and the axes are defined by unit vectors in the same
manner as the source coordinate system.

8. Transfotination between systems

The majority of transformations performed in the code involve sit-
uations where it is necessary to transform a vector from one coordinate
system to another. This involves rotation of coordinate syste1s without
translation. Transformation of vector I in RCS components to-V in
some other coordinate system is performed as follows:fV~1 X1  X1  X13  V

V; X21 X22 X23  Vy
V; X31 x32 X33  V2

where • 2 V + i V + i V is the vector defined in the reference
coordinate sy tem an• il V1 + y V4 + z V' is the vector defined
in the second coordinate syste. Inverse trinsforinations are done by
multiplying the vector V' by the transpose of the rotation matrix as
follows:
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x X11 X21 X31 V1

Vyj= X12 X22 X32 V;

1x3 x23 K33

The unit vectors of the second coordinate system are defined in the
reference coordinate system as follows:

"i' I X11 + y X12 ÷+ X13

, i X2 1 +y X2 2 + • K23

z x X3 1 +y X3 2 + z X 33

The matrix used to transform (rotate) the vector is generally referred
to as "x,y,z components defining the (name of system) coordinate system
axes unit vectors in RCS componentsO. The individual matrix elements
are determined as follows:

'•.~X-n ^xm'" (i.e., X1 x S' ., etc).

When transforming a point, it is necessary to perform a translation
as well as a rotation of coordinate systems (if the origins of the sys-
tems are different). To handle these situations, the code translates
the point before rotating. Transformation of point I P IP + Y P +I P in the reference coordinate system to point P' a Px P;
SP in another coordinate system is done as follows.
z

r ~ i 11  K12  1i3 1 - ox

P; j '31 '3? X33 J 'z XOZ

where • ,X + X z @z_ is the location of the origin of the
second 2oordinsfe systM in theZreference coordinate systm ,and X(
X , etc. are as defined previously. The reverse transfomaiton Is
pf formond as follows:

f ox ' 11 x21 X311 I PI
z oz 33 33J 2;
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CHAPTER IV
CODE DESCRIPTION

This section is divided into two sections, the first of which
describes the operation of the MAIN program in detail. The second de-
scribes the subroutine and function operations. For each subroutine the
following is given (as appropriate):

1. a statement of purpose
2. an illuc-ration showing the geometry
3. a brief narrative of the method used
4. a flow diagram
5. a dictionary of major variables
6. a listing of the code.

The commnent statements in the code listings follow the statements of the
flow diagrams, simplifying correlation of the two.
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MAIN

PURPOSE

The main program reads the system geometry given by the user and

directs the calcul•tion of the scattered fields.

The main program is broken down into threc parts as follows:

1. Data input section
2. Input conversion section
3. Main computation section.

SEach of these sections is outlined on the following pages.

1. Data Input Section

The data input section reads an input file that contains 'che datt
specifying the geometry of the problem to be considered and prepares
it for use by the code. The data input section is described in tbŽ
User's Manual [8]. The cinnands available and the general flow of the
input section is given in detail there, and will therefore not be re-
peated here.

I6
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I C!!
2 C!!! THIS PRCGfAM OVAS 11R17TEN AT THE OHIO STATE UNIVERSIT
3 C!!! ELECTIRO!C1EN-CE LAB3ORATORY. ANY PROBLE'¶S OR COMMENTS
4 C!!! CAN! RE IkEt-E4RED TO,
5 Q! !!
() C! !! WYALTER1) . !WWkNSM[E (Of?) RONALD J. MARHEFKA
7 C!!! E1EfCTkOL)CIENCk I.ABOIIATORY

U !!! K3c I INEAR IM.
L !!! COLU!W4;S,OHIO 43212

I~C!!! PHONE. (6141) 422-5747 (CR) 422-5752
11C!!!

Q2 C!!! THIS PROCRA?. COMPUTES THE FAR FIELD PATTERN OF AN ANTENNA
I' C!!! CH SF.T CF AtITENNAS IN THE PRESENCE. OF A SET OF PLATES
1. C!!! AI1)/Of I!' THE PRESENCE OF AN ELLIPTIC CYLINDER.
15 C!!! THE PLATES ARE DEFINIED BY THEIR CORNER LOCATIONS.
16 C!!! AS VIMENSIONE-11, IT CAN HANDLE 14 PLATES W~ITH A MAXIMUM
17 C!!! OF 6 CO!4EkE PER PLATE, AND 50 AHTENNA ELEMENTS CAN
18 C!!! FE INPUT. THE CYLINDER IS DEFINED: BY ITS RADIUS
I S C!!! ON ITS MAJOR MID MINOR AXIS AND THE END CAPS ARE
20 C!!! PEFINED BY TFEIR POSITION ON THE CYLVIDER AXIS AND
21 C!!! THE ANGLE OF THEIR SURFACES WITH THE CYLINDER AXIS IN
22 C! ! 7 HE X-Z CYL. PLANE. NOTE THAT TIHEý LI?'ITS ON THE NUMBER

22C!! 0tý PLATES, cCHERS, AND SOURCES ARE OIILY DUE TO THE SIZE
2z C!!! OF T;E AkRAYS. THE LIlfEAl? DIMENSIONS ARE INPUT IN METERS
25 C! !! HI:LESS SPECIFIED. THE ANGU'LAR DIMENSIONS ARE IN D)EGREES.
2o C!!!

7 -1!u! 11;uTE THAT COMMENTS ARE GIVEN IN TWO FORMS:
2&J 1!! !!!IMPLIES EXPLANATION OF PROGRAM SECTION
2~ C!!!IN TERMAS OF T.-7ORY

t, L!! C~S S IMPLIES DEECRi~PTIO?: OF INPUT DATA
31C!! C--- ~'PPLIES COPMAND INPUT R.EADi SECTION

2? C!!!
22C !TH IS Vf-iSIGN WJAS ""UITTEM 8/2/79

COMPLEX EITF',EIPHERTHi,ERPH,ERPCT,ERPCP,ESTH,ESPH
-' COM.PLEX ERPSIT,EidPSP,ERPTqi,ERPPHERRPT.EriRPP,ERCPT,ERCPP

Cb .VPLEX CJ,CP14,'',IWIH,EPHi,E7HT(361).EPHT(361)
COMPLE~X EDIC-1 MEfOCPI 1, EDPTH, EOPPH, ERPDT. ERPDP. EDCR PT. EDCRPP

4; COMPLEX EDkP7, Er)q PP. ERDTH, ERDPF, EDRCT, EDRCP. ERCAT, ERCAP
41 CO.MPLEX EDD(CT1Hi.EDPCPH,FR PDCT, EPPDCP. EnDTH. EDnPH, ERSPT, ERSPP
42 L)'1E.NSICN V!. S(0) S(0.) XS(',. ),W'5)P(0

44 [IN11SV ' XX(14,6,.3),XCO(3),XXCO(3),XOO(3),XXXC3)
45 IM MENS I GM XPD(3),YPD(.3),ZPD(3)
46 e- IMENSION JliW(3) ,JMX (3)

418 UIMEI;SMNA XOR(3),TRC3),XP(3),YP(3),ZP(3),XO(3),XPP(3)
4y LOGICAL LSOPL.OUTLSRFCLSURF,LSHDOLCYL.LPLA.LNROT

50 LOGICAL LIHP,LOFBUG,,LTEST,LSLOPE.LCORNIR,LDC
51 LOGICAL LWRI]E,LPLTl,LG-RNID,LAMP,LPRADLRANO.LCN4PAT

52 LOGICAL LRFC,LHFI,LRFS,LDRC,LRDC
5ý COMM ON/L1J PL E/ IDO( 361)1 D( 14,6),I

54 COMW)N/1FA IP/ IM, 11, HAW
55 COMMON/ SOUJIQSF/FACTOR

5o CqMMWN/l FST/LDERIO, LTEST
5 7 COM!,i UN/LOGPI F/LS LOPE, LCORN R

5$ CW.J1'.jN/5OP I F/XS (3). VXS (3,.3)

CD:. :oI/ IS/P 1, TP 1, I)PR, RPD
uI Cto,.,'.iOf/r: I R/V (3), THSR, PHSR,SPS, CPS, STHS,CTHS

aC0,.,4Cl1/,'!PH1JV/E)T(3) , D)P(2)
t.~o.¶N/1'UFC/LSRFC14)
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COA;ON'2Ii/FkACC/ LSRF~C(2)
00 CO (..It! '/L-SH D,/LSI DC 14 ) ,L I HD ( 14. 14 )

o ' ,U1iN/LDCjiY/LDC C 14,6)
1.u;AMMIJ/rNANJG/FNP ( 14, 6)

C(i/ h IiON /6l HiP1. A/ X( 14 6 .3 ),V ( 14,6. 3)V P( 14 . 6 .1) *VN( 14.3)
I ,M L' 1, 1) ,I PX

tI0h O C~.tl/ G E:0MI-F.r./ A, I I, ZC'(2 ) SN C (2 ,CNWC(2 ) ,CTC 2)
(:UWVA 011//11 WAS, I 0G, SAS, SASP, CAS
CO,.At.ION/LSToR/ETHT, EPHT

7i4 CO1tMMoN/1.P1CY/LPLA, LCYL
7'-) COMMO-WJ/GRF1OlD/LORN 0, NP X9

( o OMM,~ON/CIJTPTD./LPPA), LRANO. PRAD,RANG. KN.
COMWMO:J/PATDAT/XPC(3) YPC(3),ZPC(3)

6 Cr-'O.'/kOT1?PT/XCL( 3) *YCL (.3) . ZCL( 3)
CO1-.MOr4/CLHFC/LRFC

6 ~COYM:.101u/CLRF I,/LRF N 14)
81 ~CO.')1-ýt/CTRFF/L1RFS( 14)

CU.V4M10N/CLDf;C/LDRC( 14,6)
0... cOM6N/Cd'J/1A~)C(14,6)

81) PATA LABEL/' MET' -ERS',' FEE' IT 1','IIIC'.'HESI/
-90 DATA IT/'TO2',ePD2','PGt'.ISG ',.LP','PP'-,'OrP,', 'XOt-,-'RTI#-

8 1 2,'-CG 3 1.-1AM i',P-*GS' 1 .CM1, ,'ICE t/
Lb DATA I TT/'UN.','F'NX 9 ,-'Ell~ V--N 1 N:,IG- R-

Y 1 C! I!MAX. DIME.NSIONJ OF SOURCES, PLATES, AND EDGOES.
Y1 .iSUX=50•
So2 VPL)X= 14

IAEDX~o
SC!!! NOTE$ IN -0P. RFPTGL THE VARIABLES JVD.PHOQ.PHORP.ANn VRO
SC!!! 'WET iýE UIMNJSIONEI 2*kIPDX+I
yo GO TO 27CI

w C~ CUINT NUE
R ~ lT F(6, 3 t,0

k, 1; 1a C0?:TI1:J11
01W L! !! iIT IALIZE- DITA TO DEFAUILT VALUES.

I~.2 LI)Ei!CL!=. ALS E.
LlE ST . FM. SF.

I V1 LOUT=. FAT. 5E.
LSLO PE=. I UF.

LCOR'ii=.IlEIJ.
I Li LSOR=. FALS E.

1('6 LCYL=. FALSE.
I.:y LPLA= FA L SE.
116: L~k D' . F ALSE.

]it ; I L T.fd .EI.FPUE .
I121 LPLT='.FALSE.
11L LAV.P=.FPLSE.
11.1 LPRAI)=.FALSE.
I I b LR A;O=. FALSE .
1 16 RANG=I.
117 PRAD=0.

Tly ~ J.11-1x I )=-
12019 JIW (2 -1
121~ JMX(2)-3

122 t(3=

1 (N P AT= .TP IEF
12t) TPPEDZ90.
12 o TH.C7. =0
I L -1 PHCZ'~v.

12)J iHCX-vO.
129i RHCXw0.

0 XID(I)=l.
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131 XPD( 2) =Q.

IJ2 YPDlc3)=(6.

1.14 YPCD(2)=I.
i)b YPD(3) =V.
1-o 7PL)(J)=.
137 ZPD(2)=O.
133 ZPD(3)=l.

I B=0
IE=3oo

142, FPO(;=. 2ý,7925
143 MPX=O
1 Z4 MEN(I) =4
1.15 XX(I.I,I)=I.
140 XX ( 1,,2)=I.
147 XX(II,3-)=s.•

14 X(I,,=.
illy XX(1,2.2)=I.

150 XX( 1 *,2,--)=-.
h2l XX(l,3,2)=-I.

it)-- XX(l,3,3)=0.
154 XX( 1 4,1)=l *

157 M'sX= 0
I Sri XSS(l,I)=$.

Io IMSC 1 )=V~

* o3 40i-7( I )=V.
IU4 TihOZ(l)=0.
105 PHOZ(I)=O.

1o7 PHOX(1)=y).
* lobb VXSb(lI~l)=I.

VI-/ VXSS(2.,Il)=V.
1-12 VX55C2 .2 .1)=I.
173 VXSS(2.3.1 )=O.

1-15 VXSSC3,2,I)=fO.

17o VXSS(3,3*I)=].
I-j-,WM(i)=l.

10 0 IPLT=3
IbI THZP-0.
18i2 PHZP=kI.
I1: t; XP-90.

184 PHXP=O1.

Ib5 TR(I)=O.
186 YP(2)=l.
187P T(3 )=0.

I"I ZP(l)=O.

lYO ZP(3h1I.
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IV, AA=I.
I B313= I

ZCN=-3.
THTN=9o.
ZCP=3.

2o2 THTP-910.

204 XXCO(2)=cO.

2uc XCL(l)=].
XCL(2)-o.

20~8 XCL(3)=1e.
20" YCL(I)=O1.

2310 YCL(2)=1.

232 ZCLCI)=O.
21.3 ZCL(2)-O;
'14 ZCL(3)=].
21t) IUNIT-I
21o UNITIS=UNIT(IUNIT)
.217 IUNST=o
21ti IUNSP=IUNST
SI~ C,0G 10 2'ý'99

ý22d VA CONTINUE
221 A1RITE(6,300l6)
222 3L;;k FOIAAT(IXIH*,76X.IH*)

,!2 4 WRITE(6,3005)
22,) -'-k; t FOR1lAAT( IX,26(3H***))
212o C!!! R~EAD IN VARIOUS COMMAND OPTIONS.
227 21.'Y9 READ)(5,3(X)3,END=3VO4)(IR(I),I-1,24)
22ti ---i, FOR.MiAT(24A3)
229 VNRITE(6.3t002)
250 300J2 FORMIAT( IH 1//I/I, IX.26(3H***))
"2,I ARITE(6.3006)
2j2 WRITE(6,3003)(IRUl),I=I.24)
2U7 -03 FORIIAT( IX. H*.2X.24A.3,2X,IH*)
234 IF(I(?fl).EO.!T(13))C~oTO 3090

2`5 IFCUq(l2.EO.IT(I4))GO TO 3000~
23a WPITE(o,3(16)

2.ýti C!!!
239 C!!! CHECK AGAiNST STORED OPTIONS
2401 C!!!
241 C!!! CMt COMMENr CARD
242 C!!! CE: LASI COt-MENT CARD
243 C!!! TOA.PE ST D AT A GENERATION OPTION.
IA4 C!! UNS UNITS OF INPUT
245 C!!US: 111ITS OF HS AND HAWS IN SO,
246 C!!! FRt FREOUENCNT
247 C!!! PD: PATTERN DATA DESIRED
248 C!!! P0' PLAIE GEOM.ETRY INPUT
24Y C!!! SGs SOURCE GEOMETRY IN1PUT
250 C!!! AM I NEC OR AMP INPUT
2t),1 C!!! PR' POW'ER RADIATED INPUT
252 C!!! LP' LINE PRINTER LISTING OF RESULTS'
25- C!!! PPs PEN PLOT OF RESULTS
"25'. C!!! Gil IIJCLIIDF INFINITE GROUND PLANE
25 V. C! !! XO 3 EXECUTE P)ROGkA.M

2oC!!! iT' YTRANFLATE AND/OR ROTATE COORDINATES
1157 C!!! C(;: CYLII!IWR GEOMETRY, INIPUT
21).3 C!!! s~ FARl FIELD RANGE INPUT

SC! !!NP' I "XI SET OF PLATES
2c¶W C! !! ra;: I N-C GPOUNI) PLANE
"o'' I C! !! !'C INO CYL I NUDiP

2CC!! %'S NutXT SET OF SOURCES
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2o6 C! ;NX NEXI PPOFLEk'.
2u 4 C! r! EN: END PROGRAM
265 C!!!
2o0 IF (I R( I ).EO. IT( I ))GO TO 31N
2o, 1F(IR(I).EO.IT(2))GO TO 320,
266 IF(1R(1).EO.IT(12)) GO TO 3250
.2o9 y IF(IR( I ).EO. IT(3))GO TO 33P.
27., WF(IRC(I).EO.IT(4))GO TO 3400
27 iF(IR(I).EO.IT(Il))GO TO 3450
2"t2 IF(QR( I).EO. IT(5))GO TT 35M4•
21% IF(IR(1).E0.IT(6))GO TO 3600
214 I-CIR( ).EO.IT7))GO TO 370.3
275 IR(I).EO.IT(8))GO TO 3800
-127o IFcIR(I).ED.1T))GO TO 3900
277 1I-UM(I).EO.IT(IO))GO TO 4000
273 It(IW(I).-iZ.1ITT(I)) GO TO 4100
2i9 Ir(Ik().EO.I-T(2)) GO TO 4200
280- IF(IR(I).EO.Il'(3)) GO TO 2700
""81 IF(I-( I).E0. ITT(4)) GO TO 997
282 IF(IR(I).EC.ITT(5)) GO TO -3350
283 IF(IR(I).EO.ITT(6)) GO TO 4050
284 IF(Ik(C1.EO.ITT(7)) GO TO --750
265 IF(IR(I).EO.ITTC8)) GO TO 3490
280 IF(IR(I).EO. ITT(9)) GO TO 3440
28-1 IF(IR(I).EO.ITT(10)) GO TO 4110
2Eo ;RITE(6.3021)
`289 --021 FOR1MAT(" *i PROGRAM. ABORTS!!! COMMAND INPUT IS NOT PART',
S29Y I` OF STCRED COMMAN1D LIST *')
"29Y 1 -0)4 STOP
2%2 C----.

-,.. 2•92 CONTINUE
2,, ------ C;4t CE: COMMANDS
295 C$Ss
290 CSSS I.K(1)=C,' OR CE: FOLLOWED BY AN ALPHANUMERIC STRING OF
29, CSSS CHARACTERS. THE CM: COMMAND IMPLIES THAT THERE WILL BE
298 C$SS ANOTHER COM'MENT CARD FOLLOWING IT. THE LAST COMENT CARD
299 CSSS 'AUSi HAVE THE CE: COMMAND ON IT. IF THERE IS. ONLY ONE
30V Lcsss COMMENT CARD THE CE: COMMAND SHOULD BE USED.
310I C$S.
3W,2 READ(5,2-001) (IR(I),I:I,24)

•- 30;3 INRITE(6, ýX)-) (IR( I) ,I=I,24)

304 Irh(IR( I).EO. IT(14)) GO TO 30V.
305 IF(IR(I).EQ.IT(13)) GO TO 3090
3oo rRITE(o,3091)
3U0 -'091 FORMAT(` ** PROGRAM ABORTS!!! CE: COMMAND MUST BE',
30 2' USED 10 END COMiENTS. ***)
30ý1, STOP
310 C-----
211 IlRJ CONTINUE
312 C--- TO: COPMAND
312 C ss
314 CSss LDEBUIG=DEBUG DATA OUTPUT ON LINE PRINTER(TRUE OR FALSE)
315 CSSs
316 C$SS LTEST=TEST DATA TO INSURF PROGRAM OPERATION(TRUE OR FALSE)
317 Cs$$
31b CSSS LOUT=OUTPUT MAIN PROGRAM DATA ON LINE PRINTER(TRUE OR FALSE)
31V C$SS
320. READ(5, l) LI)EHUG,LTEST, LOUT
.32 I 16 I"I'( o,2 I 1l ILPEBIJG, I.TEST, LOUT
3Z2 ' I01 FOI.AAT(2H *,5X,'LDEBUG= ',L3,5X,*LTEST= ",I.3,5X,'LOUT=',L3,
3,23 1T79, IH*)S~3,,4 WR I TF( 6,30,K6 )

.325cS
32c CssS L;I.OPE:=SI.OPE DIFFRACTED FIELD DESIRED CT OR F)
327 Cs$s
328 CSS5 LCOkt!W=CORNER DIFFRACTED FIELD DESIRED (T OR F)
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329 C$SS
33; CSSs LSUR=ANTENNA PATTERN ALONE(TRUE OR FALSE)
33) CS$S
332 READ(5,*)LSLOPE.LCORNR ,LSOR

.iRITE(6,2, I 8'r2)LSLOPE,I.CORIJRLSOR
334 2102 FOIMAT(2H *,5X,'LSLOPE= *,L3,5X,'LCORNR= ',L3,5X,'LSOR= ',L3,
335 IT79,IH*)
3.-6 is- 1E( 6, 3 U06)
337 IF(LSOR)VRlTE(o,3402)
338 .3402 FORMAT(2H *,5X.,SOURCE PATTERN ALONE IS COMPUTED!! !0T79.IH*)
339 IF(LSOR)hRITE(6,3006)
340 CSS$
341 CSS$ JMN(I),,J9X(I)=OPTION TO VARIOUS RAY TERMS FOR PLATES#
342 CSSS 0=SKIP PLATES SECTION
343 CSSs I=INCIDENT FIELD
344 C$SS 2=SINGLE REFLECTED FIELD
3,5 CSs$ 3=DOUBLE REFLECTED FIELD
34o C$SS 4=SINGLE DIFFRACTED FIELD
347 LSS$ 5=REFLECIED/DIFFRACTED FIELD
348 CSS$ o=DIFFRACTED/REFLECTED FIELD
34,9 C$S$ NO;Es NORMALLY JMN(I)-l AND JMXC1)=7. THIS COMPUTES ALL FIELD
35u CSSS VALUFS INCLUDING IDENTIFING DOUBLE DIFFRACTION PROBLEM AREAS
35? CssS FOR A CONVEX OR CONCAVE PLATE STRUCTURE.

352 C$Ss
353 C$Ss JM?:(2),JMX(2)-OPTION TO RUN VARIOUS RAY TERMS FOR CYLINDERS
354 CsSS 0=SKIP CYLINDER SECTIO'N
355 CS$S I=TNCIDENT,REFLECTEmDTRANSITION,AND CREEPING WAVE FIELDS
356 CsSs 2=SINGLE REFLECTED FIELDS FROM END CAPS
357 CSSS 3=SINGLE DIFFACTED FIELDS FROM END CAP RIMS
358 CSSS NOTE: NORMALLY JI..i,1(2)=l AD JMX(2)=3. THIS COMPUTES ALL FIELD
359 CSSS VALUES FOR A FINITE ELLIPTIC CYLINDER.
36 :'! CSSS
361 Cs$$ J!AN(3),JMX(3)=OPTION TO RUN VARIOUS RAY TERMS FOR
3o2 CsS$ PLATE-CYLI NDER INTERACTIONS:
3c.3 CSSS D=SKIP PLATE-CYLINDER INTERACTION SECTION
364 C$SS )=FIELDS REFLECTED FROM THE PLATES THEN REFLECTED OR
365 CSSs DIFFRACIED FROM T!E CYLINDER
3oo CSSS 2=FIELOS REFLECTED OR DIFFRACTED FROM THE CYLINDER THEN36"It CSS$ REFLECTED FRC:. THE PLATES

3oB CSýS 3=FIELD.• REFLECTED FROM THE CYLINDER THEN DIFFRACTED
36 CSSS FROt.( THE PLATES37V CSSS 4=FIELD. DIFFRACTED FROM THE PLATES THEN REFLECTED
3I C$SS FROM THE CYLINDER
372 CSSS NOTE% NORMALLY JN(3)=) NID JMIX(3)=4.
373 CSSS
374 READ(5,*) JMqN(i),JM•X(1),JMN(2),JMX(2)oJV¶f(3),J'MX(3)
.375 IF (J.MN( ILT,. P) JIN( 1)=1
37(, IF(J' 1X(I).,i.7) JMX( I)=7
3; £ IF(j;iN(2). LT.O) JMN (2) = I

I F (J'.:X.(2). GT. 3) JAX(2)=3
379 IF(JIN(3).LT.,) JMIN(3)=1
380 IF(.JMX(').GT.4) JI4X(3)=4
38e IF (LS9R) J!.. ' ) I I
382 IF(LSOR) JMX(I)=I
382 'IRITE(6,.`I3) JM.N!( I) ,JMX() ),JMN(2) .JMX(2),JM•N(3),J:.X(3)
384 Z-103 FORVAT(2H *,2X,'JQ!(0r)= '.I2,2X,'JMX(I)m -,12,2X,31•5 ;",J•.t(2)= ",12,2X,',JAX(2)= ",I2,2X,'*JfIA(3)= ",.I22,X
38o 2,'J12X(3)= ',I,T79.IH*)
38"1 GO TO 30*}00
3}8 C-----
3?i. I C CONTINhUE
39Vu C-- UN: COLPA ND
39,x C$S$
392 CSSS IIIJIT=INDICATOR OF UNITS USED FOR INPUT DATA.
393 CS$S I=METERS
394 CSSS 2=FEET
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395 C$SS 3-INCHES
3So C$SS$
3Y,7 READ(5,*) IUNIT
398 UNITS-UNIT(ItJNIT)
3(Y9 WRITE(6,4101) (LABELCJ.IUNIT),J-1,2)
400 4101 FORMAT(2H *,5X,'*ALL THE LINEAl DIMENSIONS BELOW ARE,'
401 2,' ASSUMED TO BE IN -,2A3,T79,IH*)
402 GO TO 3k,00
403 C-----
404 4110 CONTINUE
405 C-- US? COPM01AN
406 CSS$U40- CSSS IUNST=INDICATOR OF UNITS USED FOR HS AND HAWS IN THE
408 CSSS SG: COV , AND.
49~ CSSS 0:V:AVELENOGTIIS
410 CS$ $S I=WETERS
411 C$S$ 2=FEET

U412 CS$S 3= 1 NC 1E 5
413 C$$$
414 CSSS NOTE: IF ONE SOURCE IS SPECIFIED IN IIAVELENGTHS, THEY ALL
415 C~ss MUST BE IN WAVELENGTHS.
416 READCS5,*) IUNST

41 FGS.O O TO 4112 T 12 ALUISNT

419 ~IF(IJS.E0ADIUNS P.EO.0) GO TO 41112
42 VRITE(6,41 11)(;E(,US)J12
42 14111FORMAAT(2H ***5RORA' ABRTHI SOURCE LEUHH ND IDTH. HALLNS ARE'
42 2,-' ASSUMIFED TBEIN WVLN'n2A3,T79,I*,)

A25 FINIE00 GO TO 4116
432o11 WRITEC6,41 15) (iBLJI~S)J1
437 4115 FORMlAT(2H *,5X,0'THE. SOURCE LENGTH FS AND WIDTH HAWS ARE,'

432 2.' ASSURIED TO BE IN1 rAVELENGTHS-',T79,IH*)
4-13 41 16 IUt:SP=IUN4ST
434 00 TO 3k'00
425~ -1R NGGHRZ
430 4200 CONTINUE

44' 1 C- REA CS, v AFRO

442 WI.=.9-95F0
443 VIRITE(6,420l ) FROG1.444 Z201l FORM.AT(2H *,5X,'IFREQUENCY= ',F7.3.,' OIGAHERTZ'.T79,IH*)
445 WRITE(6,3006)
44o b'aHTE(6,4202) 11L
4471 420)2 FOPR4AT(2H *95X,'WAVELENGTtin '.FIO.6,,' METERS',.T79,IH*)

448 00 TO 3V00

4 5 V V " CONTINUE
-11C--- P03 COMMAND

4t)-7 CSSS THCZ,PHCZ=ORIENTATION OF THE- ZPD AXIS RELATIVE TO THE
*5,4 C$ $$ FIXED CC*OfDIr!ATF SYSTE-4.
455 C$$$
45o C$$$ ITHCX,PHCX=ORIEN.TATION OF THE XPD AXIS RELATIVE TO THE
45,1 C$S$ FIXED CLORlDINATE SYSTEM
458 CSSS

45(, REAfl(5,*) T!!CZ,PHiCZ.THCX,PHCX
460) ZPý'( I )=,; 'l (TIACZ* RPD) *COS (PHiCZ*RPI))
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461 ZPD(2)=5I!1 t!4CZ*RPO)*S IN (PHCZ*RPD))
462 ZPD(3)=COS(TI-CZ*RPO)
46Z XPD( I) =E:114(TfHCX*RPD) *COS (PI4CX*RPD,)
404 XPD(2)=EIfN(TIC X*RPD)*S I N(PHCX*RPD)
465 XPf .3)=COS(THCX*RPD)
400 C!!! INSURF XPD IS PERPENDICULAR TO ZPD
40j7 D)ZX=ZPD( I)*XPf)(I )+ZPD(2)*XPD(2)+ZPD(3)*XPD)(3)
403 IF(AI3S(DZX).OT.0.1 ) PIRITE(6.3201)
40o9 3201 FORMAT(-* *** PROGRAM. ABORTS IN PATTERN CUT SECTION.'*
4-10 2,' THE COORDINIATES ARE N'OT ORTHOGONAL! I!**'
4-1 1 F(ABS(DZX).GT.03.1) STOP
412 XPD( I)=),P[D( 1)-ZPD( I)*DZX
473 XPD(2)=XPI)(2)-ZPD(2)*DZX
474 XPD(.3)=XPD(3)-ZPD(.3)*DZX
4/5 POT=XPD(I)*XPD(I).XPrX(2)*XPD(2),XPEoc3)*XPDC,3)
416 DOT=SnRT(DOT)
4517 XPrfl(I)=XPD( I)/DOT
478 XPD(2)'XP0(2)/OOT
419 XPflC3)=)XPPD)/DOT

480 YPD( I)-ZPD)(2)*XPD(3)-ZPD(3)*XPD(2
48! YPD,(2).ZPD(3)*XPD(l)-ZPD(1 )*XPD(3)
482 YPD(3)=ZPD(I )*XPD(2)-ZPD(2)*XPD(1)
4682 1iPITF(6,320J2)
484 -202 FORMAT(2H *,5X,PTHE PATTERN AXES ARE AS FOLLOWSa',T79,iH*)
485 N~RITE(6,3006)
48o V;RITE(6.3203) (XPD(N),N=I,^)
487 3-203 FORMAT(2H *,5X,'XPD(l)=-'.Fl0.5,' XPD(2)-0.Fl0.5.0 XPD(3)-' 1488 2,Fl0.5,T7/9,lH*)
489 WRITE(o,3006)
490 WRITE(6,3204) (YPD(N),N1,.3)
491 3204 FORMkAT(2H *,5X,'YPD(I)=,',Fl0.5,.1 YPD(2)u,'.FIO.5,' YPD(3)m' I
492 2jF!0.5,T79.IH*)
4Y3 WRITF(6,3efo6)
494 WIRITE(6,3205) (ZPD(N),N-1,3)
495 -'205 FORMAT(2H *,5X,'lZPD(1)2',FlO.5,'* ZPD(2)=-',FIO.5.,' ZPD(3)-'1498 CSI$ LCNPAT=IS PATTERN CONIC CUT(T OR F)?

450 1 C$$$T9,H*

502 $$STPPD=PAITERN ANGLE THAT IS CONSTANT
503 CssS IF LCUPAT=Ts TPPD-THP CONSTANT
504 C$$$ IF LCNPATI=Ft TPPD-PHP CONSTANT
505 CsS$o
5036 READ(5,*) LCNPAT,TPPD

5v-, Pk JITE(6,3006)
5V8 IF(.NOT.LCIPAT) VIRITE(6,3206) TPPD
509 L20o FO~l?.MAT(2H *,5X.'TIIETA IS BEING VARIED WITH PHI- 0,F10.5
5 10 2,T7y,lH*)
511 IF(LCNPAT) WRITE(6,3207) TPPO

5I 207 FORMAT(2H *t5X,'PHI IS BEING VARIED WITH THETA- O.F10.5
51, 2,T79,IH*)
514 WRITE(o,30456)
515 CSSS

Ilc o CS$S IB,IE,I'.=BEGIN#ENID,STEP
517 CSSS

51L REAED(5,*) I13,IE,IS[

52 0 IF(IE.G-1.360) IE-300

52 b' lRITrP(6,3,201) 113.IE,IS
5231 3208 FOfPM.AT(2H *,5XtOTHE RANGE OF PATTERN ANGLE INDICFS FOR TH4IS-'
524 2,0 P11110 AREs ',1.3,2(',',*,3)tT79,lH*)
525 GO TO 3u00
5)2o C-----
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527 C25., COII7IIJUE
t52e L,-- kG* COMMAND
52Y C$SS
'ý30 CSSS RANOSUFAR FIELD RANGE DISTANCE

532 C$$$ NOTE IF RANGS IS GREATER TH4AN OR EOUAL TO I.E30
533 CSSS THAN LRANO NILL BE SET FALSE
5-'4 C$$
535 LRAVG=.lRUE.
-`5 6 READ(5,*) RANGS

5371 IF(RANGS.GT.9.9E29) GO TO 3252
5.38 RANG=UNIIS*RANGS
539 WRITE(6,3251) RANGS.(LABEL(,J,IUINIT),J=I.2),RANG
5'dC '251 FORMAT(2H *,,5X,'*THE FAR FIELD RANGE SPECIFIED IS '*,E12.6,
541 2' IN -,2A3,T79,lH*,/21I *,5X.'THE RANGE SPECIFIED IN METERS'
542 2,' 1S -,E12.6,T79,IH*)
543- 00 TO 3ko
54 ý252 CONTINUE
545 LRANG=.FALSE.
546 RANG =I.-
547 WRITE(6,3253)
548 3253 FORMAT(2H *,5X,'INO FAR FIELD RANGE SPECIFIED.'*,T79,IH*)
549 G0 TO 3CO
55c. C----
551 3300O CONTINUE
552 C-- P0s COMMAND
55-2 C$$$

*554 CSSS PLATE GEOMETRY INPUT
555 C$SS$
550 LPLA=.TRUE.
557 MPX=MPX4 I
558 IF (,iPX.GT.MPDX) WRITE(6,901) MPX
559 ý,O FORMAT (' -**** NUMBER OF PLATES= 1',13t' PROGRAM ABORTS',

560 24 SINCE MAX. PLATE DIMENSION IS EXCEEDED. ***'

* 561 IF (MIPX.CT.?APDX) STOP

557 C$S$ NE(2HP*uNURER OF COIES ONLTHE MP-T INPLHTE

5t5 ME='AX~MP

568 NIF (6,XX.MED) RT(,3)PIX

57C C$$ FOMAT ('4~N E OF* PLAERT O TE MP-I3, HAS LAT,'E.GS'

57o 2' PROGRAM ABORTS SINCE MAX. EDGE DIME14SION IS EXCEEDED.*'
51', 2,' *****')
578 IF(IAEX.GT.MErDX) STOP
579 DO 5 gEol,MEX
58) 0 tS
581 CSSS XXCAPME,.N)-XY.Z COMPONENJTS OF CORNER #ME OF PLATE OMP.
582 CtS$ ?JuI(X),Nm2(Y),Nm3(Z). !NPUT CORNER DATA AS FOLLOWS1
5831 C;SSS .I,
584 C$SSS-.Ii
585 C5S -l-I,4
w 0 c$ss t I-o..
58*1 CsSS THIS IS THE INPU1T FOR A 2 ME-TER SOUARF PLATE.
588 CSSS NOTE THAT IF THERE IS MORE THAN ONE PLATE, THEN THE CORNER
56 t , C6SS .)ATA FOk EACH PLATE WOULD FOU.CW SEOUENTIALLY.
5ýA' csss

READCS,*) (XXC'P.'PE,N),NwI .3)
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t62b CONTINUEL
59' WIRITE(6,33l2)(LAREL(J,IUNIT).Jul .2)
594 3302 FORMAT(214 *,2X,.PLATE#',2X,'CORN4EpOd,3X,'INPlJT LOCATION IN '
595 12A.3,4X,,ACTUAL LOCATION IN 4ETAERS',T79,IH*)

596 W'RITF6.330i3)

598 1,2(2X,2(1---------')),T79.IH*)
5ý'y DO 3304 ME=I,MEX
60 ViP ITEC 6, 3006)
001 DO 33 10 V'- 13

602 3310 XO(01) =XX (tPVE ,N)
603 DO 3311 N=1153

o004 -311 XX.(l.P,ME,N)=UNITS*(XO(I)*XP(N)+XOC2)*YP(N)+XQ(3)*ZP(N))+TR(N)

o~o 33;1, FORMAT(2H *,4X,13.6X,12,2X,2(2X,F8.3,2(",',P8S.3)).T79,IH*)
601 '30I4 CONTINUE

008 GO TO 3~00
60i9 C-----
oIC 1733S50 CONTINUE
oil C-- ripI COPMAND ---
612 C$Ss
613 C$$$ INITIALIZE PLATE DATA.
614 C$SS
015 LPLAz:.FALSE.
616 MPX=O
617 WRITE(6,.3351)
o18 2351 FORM~AT(2H *,5X,0 THE PLATE DATA IS INITIALIZED. 1,779.]H*/
619 22H *,5X,O NO PLATES APE PRESENTLY IN THE PROBLEM. ',T79, lH*)
620 GO TO *3000f.

o21 C---
622 -140 CONTINUE

624 C$S$$1
625 C$$$ MSX=NlM~bER OF ANTENNA ELEMENTS.
o26 CS$S
o27 LAMP=.FALSE.

I o8 .'S=MX+629 li4 (MSX.GT.MSI)X) WRITE(6,904) MSX
650 ý0 4 FUR?'AAT (- ***** I`1U.MP=R OF SOURCES= 1,13,11 PROORAM',
031 2' ABORTý SINCE~ MAX. SOURCE DIMENSION IS EXCEEDED. ***'
o32 IF U-ASX. GT.PEOX) STOP
o33 fVitlIFE(o,2401 A4SX
614 F0I? -OW:A~T(2H *,5X,'THPISIS SOURCE 1NO. '.13.' IN THIS",
oi5 11 CO!'PU1%TI0N.',T79,IH*)
Coj0 viiIT E (0, -. (%l

o3ri 0sS5

63'.1 Cs$S X5$S("S,NflwXYZ LOCATION OF MS-TH ANTEI`?'A ELEMENT.

oil i L:SS,
o41 1SS L'.1S(AS) =TYPE O)F LINEAII Alt1TI'NA
04'2 c$SS Ol=ELECTRIC LINEAR FLE.i'F'1T
64- C'S SS I-VA~tIETIC LINEAl) ELIRMENT
o44 L'.$S

645 C$SS HAi4r(MS)wAPFArTURE 111DTH IN WAVELENGTH4S (NOTIE, IF
046 CS SS HAVxS(M!,) IS LESS -DIAN .1 L-AMBDnA, SOURCE is
04' cSss CON S IPEI(-IP TO BIE IIIPOLE SrXIRCF

k' CtSS HICS(A)=LtI1GTf' OF LItNEAR ELE44ET IN WAVELENGTHS

ot). L'$ 1 1-0Z (,"PI !Z03S)wOR I NTATION ANCLES USED TO DEFINE LINEAR

0 IP~t),IC1S.AETTO ANGLES u!SED TO DEFINE APERTURE
0)' c P LAtir 0J. I)IPOIF X-AXIS.

~ ~ .'~ctn IJ'( 1.,A~4IUO~AND P~IASe OF EXCITATION OF
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00 0 READ(5,%) (XSS(NS,N),NuIl,3)
001 READ(S,*) THOZ(MS),PHOZ(MS),THOX(MS),PHiOX(MS)
oo2 READ(5,*) IMS(MS),HS(MS),HAWS(?4S)
oo'3 kEAID(5,*) WY(MS),0P(MS)
004 IF(lMS(PS).EQ.0) WRITE(6,3411)
oat, -411 1-ORMATAC2H *,5X,'*TFIS IS All ELECTRIC SOURCE.'.T79.If4*)
00o IF(1iMS(kS).EC.I) IIRITE%.,3412)
oo7 3412 FORMAT(2H *.5X.'OTHIS IS A MAGNETIC SCJIRCE.O.T79.114)

00', IF(ruNSIT.EO.O) GO TO 3414
o7(o UNS75'1INIT(TUN~rST)
oil WRITE(6,.3413) HS(MS),HAMIS(.'S),(LA8EL.(JIUNST).J-1,2)
o72 .3413 FOR'4AT(2H *,5X,PSOURCE LENGTH-0.F1GI.5,0 AND WIDTH.'
o73 2,F14.5,IX,2A3,T79,IH*)
o74 HS (MS)=UNSTS*HS( ?AS)

6-15 HAWS (14S)IJlNSTS*HAWSC04S)
616 WRITE(6,300)d
o77 bWkITE(6,3413) HSCMS)¾HAWS(NS).(LABEL(J,l).J.I,2)

o78 00 TO 3416
07Y 3414 4ikITEC6,3415) HS(MS),HAWS(J.'S)
060 34lI~ FOHR1AT(2H *.5X,-*SOIJRCE LENGTH-..1:I0. 5. - AND WIDTH.'

01 2,FIO.5,-' WAVELENGTIiS',T79,IH*)
o82 1410 I'aHITE(6.3O0o)
68 " WRITE(6,.24I7) WMCIAS),WPU4IS)
684 .3417 FORRATC214 *,5X.-TIfE SOURCE WEIGHT HAS MIAGNITUDE='
68 5 2,iI.i.5,-' AND) PHASEmr,Fl0.5.T79.lH*)
66 6 NR I rE (6, 300~6)
o87 I1i-1dTE(6,3006)
o88 WRITF~o.34?I)CLABEL(JIUNIT),J=1,2)
o89' --421 FORMAT(2IH *,T6,'*SOURCE#',T17,'!NPUIT LOCATION IN '42A3,T46,
6V, 1I'ACTUIAL LOCATION IN PiETERS-'.T79,IH*)
691 iRITEC6,3422)
(,Y2 ---422 FQRMAAT(2H- *.T6,7C'-'-),716,27('-'),T45,27C'-'),91o93 1T79,IH*)
094 b1HITE(6,3006)
69'5 DO 3424 NaI,.3
090' 3424 X0(N)=X!S(MS,?I)
o',7 P0 3425 fl1,3
6yb `'25 XSSC.I4SN)uI)NITS*(XO( I)*XPCN).XO(2)*YP(N).X0C3)*ZP(N)),TR(N)
OYY .IRITE(6,3426)MS,(XO(N).,N1.I3)1(XSS(MS.N).Nol,3)
7VO %426 FORMATC2H *,Tl,14 3,Tl5,F8.3.2(4',',F8.3).T44.FB.3,2('*,*F8.3)

70~2 TOR=THOZCMS)'fPD
7(0-- POH=PIIOz(mS1*kPO
70ý XO I )-SIN(T0P)*COS(POP)
71"5XO (;2 )SIN(ToR 1*5IN(POR )
7wo XO(3)wCG5(TOR)
7437 Do 3431 fIlt3

70bt ̀-..31 VXSS(3,N.A45).XO( I)*XPCN).XO{2)*YPCN).XO(3)*ZP(N)
70%,v TOHUTHOX (MS)*QIP0

710 PO~wpfOx(&iS)*RPn
711 XQ(IlwS1V1TOR)*COS(POR)

71.3 Xo(3).CCS(TQA)
714 DO 3432 Na.I3
71b Z'--2 VXSS(i,tj,.1S6).XWl)4XP1N).XO(2)*YPtN),XO(3)*!P(N)
71o 0ZX-VXSS( .I MS)*VXSS(3o I.MS).VMS(I .2.XS)vVXSS(3,.H.S)

III, W~At~)X.T~.I RITE(6*3430)
IIV -450~ iOkJ4MAi( *** PROCRAM ABIORTS M' SOLJRCE SECTION IN THAT 'flIlE.
0~ 0 J CM-14019ATFS ARlE PlOT ORTHOGONAL It I I '
721 ~ CfS1X.T~.)STOP
'1'2 V)XSS(I.1,.IS)eVXSS(l.tRS)-VX$S'(3,t.MS)*DZX
7213 VX.SS( 1.2.,JS)wVXSSC I,2.US)-VXcSS(J.2.ZMS)*I)ZX
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724 VXSSCI,3.MS)-VXSS( I,3,MS)-VX!S(j3,3mS)*DZX
72b DOTaVXSSt I, I MS)*VXSS( 1. 1,1S)+vXSS( I 2.14S)*VXSScI1,2.,US)
726 2+vxSS( I,.3,mS)*VXSS(I,3.115)
721 DOT=SflIT(OOT)
72U3 VXSS( I, I,IAS)OVXSS( 1, I.MS)/OOT
72Y' VXSS(I,2,IAS)OVXSS(I,2.M;S)/D)OT

VX55c Il ,3MS)uVXSS( 1,3,115)/00T
-.1 VX.SS(2,i,%Is) VXSS(.3,2.iS)*VXSS(I.3,US)-VXSS(3,3,M4S)*VXSS(I .2.'AS)

732 VXSS(2,2.MS)aVXSS(3,3,MS)*VXSSCI,I,JIS)-VXSS(3,1.MS)*VXSS(1,3*.MS)
VXSS(2,.3,AIS)-VXSS(3, I,MS)*VXSSI1,2.2US)-VXSS(3,2,US)*VXSf1I,US)

734 WRITF(o,35i0o)
73!ý WRIT E(6,3;W)qo

*136 VIPITE(6,343?)
737 `4 -7 FOHMAl'(2H *,5X,'TH-E FOLLOW1ING SOURCE ALIGNMENT IS USEDI"

7 8 2.T79,IH*)
DO 34--3 NI-1.3

740 V-HITEC0,30(06)
741 3433 VINITE~o,343t.) trIINJ.MS,VXSScfiltlJ.1s),NJul.3)

743 .,7v, III*)
744 GO TO 3)00

740 -.344.) CONTINUE
/t4 - C-- Pks COMIMAND

74Y CSSS PkADwTOTAL PONER RIADIATED) IN WATTS.
75V CSSS
751 CSSS PRAL) CAN ALSO BE SPECIFIED AS THE POWER INPUT IN WATTS.
752 CSSS
753 CSSS NOTE !F PRAD 15 LESS THAN OR EQUAL TO I.E-30
75'4 CSSS IRAN LPhtAL WILL ME SET FALSE
75,- CSSS
I50 LPRAC)-.TRUE.
757 READC5,*) PkAD

'Sb 1r(PW4Af.LT.I.IE-30') GO) TO 3442

700 ::,4 r;I.lA(H*5XIO POWER R1ADIATED IN wATTSa ',E.12.6

7oo WRIE(6,3443)
7el .3443 FU4VJAT(2H4 *,iX.*NO POWER~ RADIATED IS SPECIFIE*.T19,110)

708 GO To 3cw~
70V L-----
''it~ ~4, CONT INUE
71 1 AVI CO&MRANZ)

771 - L!,SS PRAD.TOTAL POWER RADIATED IN WATTS
-1-14 L6ss

Tio IdiEAt(5,') PRAD2I
w~RI M53441) PRUM

7PV 0 I~S qSlontigl-Eol oi ANUINNA SeGAENTS

iuo ' ~ ABOWls SINCE MAX. SOURCE DlIMENSION'
'U (M XCEL;Vkil. ***** )

STO

lbv A11,6.34'3) MS



tyk -:4bl Fo(;RAT(2H *,X,'THERE ARE ',.13,' SEO*ENTS IN THIS'.
791o 20 CUMPUIATIO1J.',fl9. IN*)

794 L6SS
19V5 CS$S XS(MS.?J)-XYZ LOCATION OF MS.-Th ANTENNA SEGMENT
7vo csss
791) L5SS IMS(MS)aOaEECTRIC LINEAR ELEMENT

7w, oL$SS HSCMS)4LENGTH OF LINEAR ELEMQ4NT

ui~i CSSS THOZ(MS).PHOZMAS-ORIENiATION ANGLES USED TO MiFINE
UIL2 csss LINEAR ELEMENT AXIS.
uu5 csss
b0A 0 S55 htkMS).l%PCMQS)a4EAt AND IMAGINARY CURRENT. WEIGHT.
8(05 LS,%

tI~o lWITE(6,j0061
b07 bdITE(6,3454)
dkm 41~54 s-uWJATC2H *,T3i,'SEG&IENT COORDINAZES'.T79.'w.')

olAi 11 iE(0,3006)

bill AklxIIo,34bo) CLAB3EL(J.IUflT),J-I,2)
ts12 '-4~ N.) JNUMAT(28i *T.1,'MS'.1l4.'INPUT LOCATbON IN ',2A3.
ol C. ý-43,'AC1UAL LOCATION 14 'ETERS'.flP."')*

b15 34 51 AthiMAIf(2H .To3-)Ta6')42Z(e.7Oe

CI LNV 3 119 25.1 UMSX

b21 :)u 3413 %(Swl ,MSX

ve 00 3415 ?N01.3
ozc 47 UN-~'SN

8$32 7473 CtOflIUUE
wnTF6.u;a

635 . 4 a (LAUE-Ltj,'iUNlIr' d

-4o45b FQaAt, h*T7'S'13.4w,23T2f'SWt!!'

2T ,ý 4l-'INPuso Usk~WTi3SCh~sTOPO'T9t.

r04t M1010Z9As 14*3 ud1,25

kr.nt 1mctjj(tMS)lqkf .,
i .u c" I 0aXP3 I)dSI ~llil*Ye fpO)*In(,-' ,I.4Pf%)

j ~.4t~ kOi44*A.2( f 0.KQ*Y.).0()FP
ril 1 3



00 2.17v.,IH')
W, 00 3484 Nw1.1,

asu A848 VXSS(3,NMlS) aXOW(N)
8!vy VXSStI,I.34S)4205(TiIOZCMS5)*RPfl).COSCPHQZ(MS).flPDJ

U00 ~VXSS( I,2.M5)wCOS(TFOZ0AS)*RPfl)).SINC(PIOZ(UIS)SRPO)
b~l VXSS( I.Y;.NAS)O-SIN(THOZ(IJS).WP0)

b002 VXSS(2,I .1S)-SI1N(PHfOZ(LIS).RQ'i -

d0i VXSSit2.2,ASI~uCQS(PHOZC4IS)eWpQ)
VXS55(2 .2) ,MS3mJ

uctj z)403 CONTINUE
b66k'4WITE(6.3-'M)lJ

Uo7 hW I Tv ( 6. io6)
Ubfl 9WWITEo. 3-4145)
d6ý,- .4B65 FOR11tAT(2H *,TJJ.'CUPRENT NEIG4TS',T7Q.IH*./2H .,T7.'QS'.TIS.

00 2'HiEAL'.13I.'I'AAG.',746.'UAG.,',T57.'PHASRE'.179, IH')

d72 2)48o FoWM'AV(2I ,o3-)T76'',3A(-.A.(-)

b14 00 3$4o5) kA!jm,MSX
02,5 [;)? ?MR87'02(04PLA(VMP')W.%;P(US)))

bit ~wwlTEcb.3466).VUS)'P".WAiP
0'11 460O YOWA'?AT(2H s.7,6.13.5X.EII.4.2XL.EII.4.4X.EII.4,2X.FfI.3J7I9.lIH)
8TY .Z4Ot CON"',INUE

001 Cl)TO ]tM00

00) ~W toUTNU&

L0 -- INS I CLAL'ANiD

-' oo tA$$S INITIALIZE SOW4CcE DATA.

"os

u~O iWIT~6, )4 V I
ý4.i N~$~ wbA7C2?f *.ý,W ',+E SC4JWCE lAT-A IS NIlTiALIZED. , .1*
wŽ2 iZ NO *SU~iW4klES A~fE PRIZEjS&.Y IN DIE PWOSLEXt.I

ox'?t--- LP" COJ&RAP(L

bl.%, cL Lt.ht~~ IF IE PkiThR CVt9U7 OF VOJI.A i5fls~f

flt 5iý V%:UA'iJT *.SI.'NO- LINE :ýsW3.V, MtT9UT#.VVh14-*)

WU TO 1^1

V44 UI QI

Ln;*%ý IM FU l ý V ~ Pflt4. QV tlliS IN h*IWtP~

F. MolLL1 0Z)w
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vi) CS S ;tAbIY5=kAtDtS 0$ POLAR POt.07
V2ý C5ss IPIaL=UtIELD PLOT), PCPOWER PLOT). 3MlD. PLOT)

v23 iL-At('O.'1 WAP[1IS,IPLT
V2c0 hiptHrL.-(C. w2
92'1 .o02 rtAMAT(21 *,SX,'DATA WILL BE OUTPUT TO PEN PLOTTED M!'

92't ~ wI TEo, 3006)
9:1: um 1TjEc ,sO01 ) RAD IUS. IPLT

'iOJ &dIý FWJVA'.(2h',X'qfjsF,5,#p m,3,7Ij)
v2.2 CQ TO 2UM

flaCONTINUJE
Y C. - OPI COMMAND -

'i-6 Ct-ýS
*va7 t.ss NFIrs;TE GOWOLN PLANE EFFEaT INCLUDED0.

V- V Do 37JZ Mfl4'

V42
943 XXfl4.JN)ia.ES*C-XP(NI)-YPtN))*TR(N)
943 WfJ 1f(4.,4,N)I.Eb CXPCN)-VP(N))*TR(N)

Vtý c4WiTE(o,3701)
);40 Y;,i r-UWMjtt2K *,5X. 11N$INZTE GROUND PLANZE 1NSERTSD IN-.
947 VSTRU(5UWE: f!!!',YVIH')

%V4v fITa,?Y)(THCI&Js.NI3)
vli 37e)3 F~fMIAA32Q *,91,'EIE ORtIGIN VS AT'.t.',F2.

V52

sv!4 .37 0 FotfMATC28 '.%x.'IWE 1\i4jI5.I.6''.1...

.C5i O TO 3JuIJ

~'0 C1L

'4c §71 -Q#MAIi(2-' *,tS, jVN n)C AD 4E DETA tS IKTALt .'TW1
vCO ~ ~ ~ 120~ K-'v O~.ON ti$E Is PREksiN~Y s in E NO05tYM. I

'it.

3E V3E Idt. , n1

'.a CQOtzS t



vt " S¼S TI2.q'OfrTAT1fO t or OFWE ZP AX! UELATIVE TO THE
Vh'%, Lt Se FIXZD) CCOROIPAP .SYSTFW.

CSSS ~ ~ n rlr ' I~ 9 IF: XPAI PLT TO THE
'A' 1' , FIXIC9' CCCW)ZNATF SYSTEM.

csssD kM(S. e) TRZP,P'%!ZP.T!fX", PfXP

XP ( I 1=!'CT: X P *flPtD'S~ INPHNXP *PV)C
I ~.(1 XP 3)mCcSpf!xr*P.'E?))
1tIC! !! WSUPE V) PS PflE?1P!C'!MIA TO zP
1402 flZ.XZPCI,*Xp(I).Zp(2)*XP(2).ZPU')tXP(3)

1 ;V4 -", ý! -~fOR"'(' e*n PPSCMAM APOPTS Nt PeTAlS SECTION IN THAT THE'.
:'Co'3rt)1gAyT-S AtE '.tOT CPWHCCLNAL!!! ***')

IO~t ~ P(I=XP)-ZP(i)*flZX

IA.? XP! I)cXP(2-IC)/M OZ

W t 3 x7(2) -'(P(2 )/PoT

1010 YP(21c-ZPL3)*XPtI)ZP(I)*XPC3

WA f 03AC .x'd FUELCI!UOINI ROTA71CPfl$ ARE USED FO~z ALL'.

ISO I *.nE!'E(T, 3 MAO

I rm F V.-' 5.) '(tj--F10 5. X 3)i*

t 4'A7~C 'aONItAJ

M* AA- tS

* ~~~ ~- ', cA ' zy -At~

is k'S CCMMJ5

~ ,'~Zh1.14k~ ~f-J':~4Y :I'o



1IV55 ZCýPC).LC

WI 0~ t PEz[IAsWNITS
101,: MCi/C1U ITS

Zcfp-jCP*W; ITS
I ýc0 k WdhITt.03Id0CLAPEL(J, JUNI T) Jm 14 2,AAO

C-3 1.3 i t001tk1Kr214 ',SX,'X AXIS DIMENSION If' '

WHuTTF(o.o3i) CLAiiEL(J.I).J-l,2)1AA

W-IITE (0,3C000)

I ;-0"7 awTE(6,63210) (LABE-L(J, IUM T)Tj.&I,)8IJO
1060i CL4Ž.0iFORMAC(2H *,SX,'*Y AXIS DIMENSION IN '

1.171 Ad'qTF~co,6320) (LABELCJ.1).JmI.2¾.8i
14%72 ARItTpcC3006)
Ir)-13 14if17E6.3006)
1.,74 WRlIT::(ao~o34) (LABEL( J. I1INIT).Jai .2), 2CNO
1c75 eZAO FOk'IAAB2!? *.,X.'MOST nEtiATIVEi END CAP Z COMPONENT IN '

1478 VWkITE(a,o33J) (I.AOEL(J.t).JuI,2).ZCN
lo01. *ilhUTF (o, 3fiU
htdtu imktTF4(e,d346t) T18Th
hlob) eC-j. roijMAC(2t *,5X.'AflGLE Of NEG. END CAP SURFACE WITH tiEC.',
Iad2 ~'CYh. AXIS 1', t .tFS.3.179. dH*)

1463 I7Ho,3v%6)
-- b 4 -N IFri 6. 30~47t)

I CV) Ww I Ti(c.o03'541)CLA BL (J,Id1T),JIT 1.Jl2).2CPO
54o3 c,3 54 FOhUAB,2H i (,MS POSITIVE END) CAP 2I COMPONE&T IN '

1,1-2 c 'I c Iimý14(2f!#.5,-V-LE iý -FnCAP SURFACE *ITn P05.'.

I~ ~ X C~ I's I~jw

l4Av cdJ Zc:tt aeZIPa

7 Lc.
1 ,FZIII7!

W ,S1  :~ YL-Ih-"EA is P"tj~3TtY t% THE p4-alvt>.'

m+ ;'7c. i11 L'
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1120 IliI TE6, -006)

1122 GO TO S9W
.1123 C-----
1124 ---b 0ýj CONTINUE

.1125 C--- Xot COMMAND
1126 C$S$
1127 CS$.s EXECUTE PROGRAM
1 128 CSSS
14129 4RITE(6,.3006)
1130 1WRITE(6,3006)
1131 1VL=.299-i925/FROG

1132 WRITE(6,3005)
I11.33 MPXR=MPX
1134 C!!! GROUND PLANE 1S ANOTHER PLATE IN SOLUTION.
1135 IF(LGRND)MPXR=MPX-iI
1136 IF(MIPXR.G-.M.PDX)WRITE(6,901)MPXR
I 1-' - IF(MPXR.GTr.MPDX)GO TO 999
1138 IF(.NOT.LGRND)GO TO 3801
1139 LPLA=.TRUE.
lI140 ',,'P('VXft)=4
1141 DO 3802 1=1,4
1142 DO 38ý32 tf= 13
.1143 -'802 XX (MPXP, I, N)=WL* XX(MPDX,1, N)
-1144 -8(01 CONT INUE
1 14 t IF(MPXR.E'3.0) LPLA=.FALSE.
114o CU!!
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2. Input Conversion Section

This section converts the input data into a preferred form for
computational purposes. This involves converting angles in degrees
to units of radians, linear dimensions into wavelengths, and performing
the reference coordinate system (RCS) transformation if needed. The
RCS transformation is done-.if a cylinder is present and its axis does
not line up with the basic coordinate system used to define the input
geometry.

Set radiated E fs eld
Normalize to zero

Is a e

Normlcoordinate system

# •aJL-• •Normalize :ylinder oarameters to
•mmU m• Nwavelengths and perform

•i • calculations needed later

•il~'JjNormalize plate coo)rdinates

to wavelengths

If LNROT=FALSE, refer platecoordinates to cylinder
coordinate system
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114C1!C 2. I'WI1)T CONJVERSION SECTIONh
i 4b Ci! tlu~w-l.IfE F(..1 UNITS (11, TERMS OF WAVELENO"THS) ANID
1 149 .U!! PEVt'CWA i1CS T[WISFORM'ATIO'J (TO CYL COORD SYS) IF NEEDED

1 151 C I SET E FIELDS TO ZERO
1152 DO 1 1=1.361

I .!4 1 EP1HI"*U W(., k..
1 1`5 FACTOR= I

115-j 3LR=BPL-ARPL)

I I CO LPCNRO=h.TWIE.

I c21 -10 IX %',) SII P',Q,

licC, I i*(.iC LYL) GO 10 4

I0 lt iF(.NOT.LPLA) CO TO 5106

110-1 L.4C1 (-1P) = -F ALS'E.
I i08 LkFS(Y =.FALSE."i E ".os'--(*

EDo 5li15 .1 '1! Ex

1172 0l:, LOC (P.P,,'=F AL SE.

11-14 C!! DETEI4It If: kCS TRAIISFOR:!ATIOý': IS NEEDED
]1-15 Do b N= 1 3
117o XCO(N0)=.XCG(I )/1V.L
11ll b XOO( ':) -..(
1 178 LNiv'Xf= I PtLIE.

I 17s. AXCL=A!býOXCLMl-l.;
I itm; AYCL=AL;5(YCL(2)-l.)

fib:l~ AZCI-=A:;3SZC!- 3)-1. )
1162 XCW=(jfl.Oi,(XCC( I)*XCO(I )+XCO(2)*X.CO(2)+XCO(3)*XCO(3))lIb I Ir-l(AXCL.(Ai.I.fE-5.CR.AYCL.CT.l.E-5) L!::1T=.FALSE.
I1 lI b, I F (AZCL. GT.I .E-5. 09. XCO~.'GI0. 1.E-5) L!!,t OT=. irALS E.
I lbl. IFU-NkoI) GO TO 51I' 'C
I lbo C!!! REFER PIt!-,R,'! AX!3S TO CYL. AXIES.
118-1 '-ALL R01'kAl~i(XPC,XPD,XuO)
II bb CALL 1%'OYNAl`:(YP,YPD1,XGO)
11Ids CALL RO~kAIJ(ZPc,zPOXOO)

lls'O t I0 v CNTIJUE.
Hy' I !!!IuR.'AALIZ-L CYLPI'DEP CO(fl[INATES
M/2Ž A=AA/)iL

I I9'~ C( I )=ZCP/IJL
I I ytj ZC (2 )=ZC.N/""!.

1Is'o 21TPk=THTP*RPD
Is7 SfC( I )b~TfR

I I b CNC ( I )=COS(CT-fTPR
I I ý, cTC( I 3 C~i!C( I )/SNc( I)
l21ýL THTN R=TFTJ *.PD
1261 SNC((2 =5 IN (7T.i'11

I 2ý: 2 C NC ( 2=C OSC1Yf'7!* ; 1
12 ~C'iC(2)sC~',fL(")/S;iC(2)

I L)CONI NW
li !; C!!! PGA1~ LA iT:' CO-iNI T:AiU
120e, IF (. NOT. L!LA 3 C-0 YU c
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121I00 DO l . £1• ,fP= Itl d

1214 i; X=.'iP(KP)
121t DO 52iO I',•=l,MEX
12.10 DO 5220 I
1217 5220 XXX (N) =X( ,E: ,N)
121b C!!! kEFl-I PLATE COORI). TO CYL. COORD SYS
12 I, CALL h01 RAI:( XlX, XXý, XCO)
1220 DO 52.30) M I,
1221 -22,- X(;.iP,,,,t1)=XXXC:
1222 521W COi: IIN 1UF.. 12 5 52.4.2-) COf4i'1 II:4lL

1224 c CON' INUE
1225 CI!!
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3. Main Computation Section

This section directs the actual field calculations, performed in
the various subroutines

i ~I.

F. I_Loop through sourcesn.n l
variable - MS

II

8Perfom normalization to wavelengths

£ and transformation of source coordinates]
to cylinder coordinates if necessary

J efine various geometrical •F prloperties of the structure

Initialize arrays used to define 'r-

double diffraction sections

Loop through major GTD groupings

mI

verlable = K
K-1 calculate plate fields

K=2 calculate cylinder fields
K-3 calculate plate-cylinder

interaction fields

i ~ (see followling sections)

SI Loop-through pattern angle

1 Convert pattern angles to RC. )

w
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Define unit vectors of observationT"
d ;rect ion and Polarization

unit vectors

Set ETH-O
EPH-0

based on values Of J and K.
Calculate ýcorresponding field

components ETH and EPH

)fLUT-.TRUE. print

cllted field components

Add GTO termns (ETH,EPH) to fields
comput~ed previously (ETHT,EPHT)
!nclide source weights (Riagnitude

and phase).

IfLU r.RUE.. Print E fields
caculated so far

If LWRITEx..TlE., print
the total fields

if desired
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I2~c G! 3. A1.CUAPUlTATIOt SEC TIO0:4

I L!! L(OP , 'Mill VARIOUJS SOURCES
122V ~ D 1 2ti'v) Vsl'SM*SX

123 v, L!! tPECIFY WOUkCh cEOV~EIRY
1231 C!!! PEkWH.'k.i !JUH?1ALIZATION: AND) TRANSFOR~lATIcrN OF
123 U!!! 5OURCL. C0ORI)!F:ATF.S
1'3.. DO N=j1.I3
1)34

123-1 Di0 ýJ7 t*1=1,3
12.36 ,'-07 V XS (-N I !!J) =V XS t MI NJ,,I5)

i2-y IF (L31ol ) (IC TO 53 ,*0
124h) C!!! INEiEd :(URCiE LOCATIC" TO CYL. CCCRE) SYS
1241 CALL fUd'iA,(XS.XS,XCo)
1242 L!!! WLFE14 SLURICFJCC SYS AXES TO CYL. COORD SYS
1 '43 DO)5 b3 4 "'I =13
124,; Cc, t)3o3 IJJ=I,3

I4 Jk4 VXSOJ t),2)4 VJ=1J.

I24 ý 53; Corn I::UL
I 2~ iF(LAP () Go 1 530 I

I r II USTi.:.F. (30 TO 530!5
Ii2 C!!! SPF.-Cls-Y 7OýV ~'E;;SIO!JS

I lo t) U To 5 C
C iici =U ~i [A' (S)/iL

I2 KU TC 5- 0
I2. U! !! !PECIA:Y ECURCiz DIrENI:1ONS FOP VEC INJPUT

IŽL.. Ii(H.LI.2.15) .m)5P*I
52 0.32 coni[:f:uE

12 4L C!! LLt[. 'VAillc'J I;F..IET[RY P.-ZCPERTIESSOF SiRU(:TtikE
1207 1IF(LPZ-A; CALL OEOo!
]Lob It-(LCYL) CALL GEO!C"
I ý Lr 1r(Li~l-A.A~L.'-LCYL) CALL OEUY"PC

L2.i~!!
I I U! ; OTi t1V THIS P?0fl1 THE RiCS TRAtSFOR:2,ATIO.*. (TO CYLINDER

1272 L!! CCOl)li1;ATES) IS CC:irLETE. THE CUL11;fER COOR:) SYS
123 U! -" ! r;:D RCS A:ZE rfobi T.H-E SAME. A*!'D I.1 L[. BE 1:FkE TO
1,274 U!!! AS 7THE RCS (iEFE1RE!CE CCC~~1YSYf-)
12-1 L U!!
12Th C!! li--IHALIZE A~ifi.YS I!SED T*O DEFI1E DOUFLE DlrFiRACTIO! S-'*C7OriS.
12-- CC 41 =,¶D
11110 DO -* J= I .,PI)X

.~ o 1 ID(JI )z-I
1.' 6 1,)D 42 1=I,3ol

Ir: (L S 2,ti) GU' TO I I.IR

o!) CC TO 114.9
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12ý,2 114Y COI T INUE
I2~3C! H LOOGP THhU AAJOR GMJ) VROUPS

12Y5 C!! H 42 CYLINDER r'IFTflS
12ý,j C!!!I a," 3 PLATh: CYLINME!? INTERlACTION FIELDS

12S'0 DO 1150~ i'=Kb,KE

13~; IF(LSOk) GO TO 1151
1301 IF(.'JGT.LPLA..Atý4)..rIO01.LCYL) GO VC 1151
I Ji2 If-(MPX.Nt-.0) GO TO 1152

1 ý( -'- IFH.E0.2) G3O TO 1152
IJL4Ii(JB.(fl.2) Go YO 1150J

13015 JE =2
la*6 0O TO 1152

JEh1
lj,1152 CONTINUE

IF(JB..C~bS);0 TO 1150
13i1 I,;(JE.LE.JE) (3O TO 1150
1312 C!! LGOP TH1.1' INDIVIDUAL GTD FIELDS.
1313 D0 IWO JWJB,J1E
1314 C!!! LOOP TliilU PATTERN' ANGLE
131t) IF(LCNPKI) YFP-TPPO)
1-)16 L3PpIi3+I
1jI7 iEP=IE+l

13h, DO llvAo II=If!P,IEp,15
I J20 CM! CALCULATE P/ aTER:J ANGOLES 11.1 PA74ER. CUT COORr) S7S.
1321 1-11-!

1342 PH P= I
1,323 IF(LC:.PAI) GO TO 1 102
1324 IF(I.GT. 1814) GO TO 1101
1325 PHP=TPPDt lj2, Go To 1102~
142b 1101 PHP=TPPl,+1li1.
132 ý IF(PHP.01..00.) PHP=PHP-2:6f.
1330 llip=3oU-I
13-1l 1102 THPr<=TliP*RIlb
1332 P14Pk=PHP*RPC
1333 C!!! CONVERT PAYIlEt!i AM3LES TO REF. COORV. SYS.
1334 CALL PAIhO7+( I!Si. ,PHiS.,Thi?:,PIPR, ALR)
I a-- SiHs~sIN (U4isk)
1.30o Cr1'5-coý(THs~i)

I SPS=SIM~PHSR)

133b, CPS=CSP!1S0)5

134k: SASr SI [i(A S
1--41 SASPmABS (5IF AS-0. 5*PI)
1342 CAS=COS(K;)
1343 C! U L WNECSERVATI OI DIRECTION1 AM't THETA,PHI UNIT VICTOtkS.
1344 0(1) =SV(S*CPS

I -i~tý P(2)=STISkSPS
134o I) L( 3)=C~rh .
1347 1 UTI)zc*1HS*CFps
13,. 0, U(2).Cl 8s*sp~
1534Y DT(3)m--THS

Op GC )-CPS

I 5 ! !! !kAtl*CH 1'0 APPROPtI ATH OW") FjCTION PAF&M.O N V £LIE~S OF J kinf K
I~Q 'iO (lld1;11, 20.1I130) ,t

71



I jtjb *)k6(u GONT INUE
l3bý Ci! COMPUTE lHE DIRECT FIELD FROM THE SOURCE.
1ý1( CALL INCFLD(kITh.EIPH,LSok)
1301 ETrHsýI Th
13o2 EPH-EIPH
130-- IFý(LOJT) CALL PRIOUTCI$0e,0.0,0.EITHEIPH)
130'. GO TO I COO
136b 20 CONTINUE
I3oc C!!! COMPUTE ALL POSSIBLE SINGLY REFLECTED FIELDS FROM PLATES.
136', DO 25 MPuI,MPXR
13oS C!!! IF SLOT ON PLATE.THEN NO kEFL. FIELD.
1309 IF([.SURF(MP)) 0O TO) 25
1370 C!!! IF PLATE SliADOI%ED,THEN NO kEFL. FIELD.
1371 IF(LSHUCMP)) GO TO 25
13-12 CALL REIFPLA(FRPTH.ERPPH,MP)

ETH=LTH+ ER PT F
1374 EPH=EPH+ERPPff
13-15 IF(LGUT) CALL PRIOUT(20,').MPOi.A.ERPTH.ERPPH)
137o 25 CONTIL1UE
1.34, GO TO 1:000
1478 '-0 CONTINUE
l31S C!!! COMPUTE ALL POSSIBLE DOUBLY REFLECTED FIELDS.

1ýbo DO 31 IAP=I,MPXR
13b] C!!! IF SLOT ON PLATE.THEN NO ,REFI.IREFL FIELD.
13b2 IF(LSUHF(MP)) GO TO 31
lib~ C!!! IF PLATE #,'AP IS SHADOWEDTFEN NO REFL. FIELD

ljb4 le (LSHO(MP)) GO TO 31
lib5 DO 30 APPmI,MPXR
13bO IF (MPP.EO.MF) GO TO 30
133-I IF(LIHD(MP,MPP))Co TO 30
13bb CALL RPLRPL( E~RPT,ERkPP.YP.MPP)
I JWO ETH=ETH.ERRPT

1390 EPH-EPH+ERRPP
131y1 It-LOUT) CALL PRIOUT(314..'P.?.IPP,.C.ERRPT,ERRPP)

1392 50 CONTINUE
1 3y- *-1 CONTINUE
13'Y4 GO TO Ikoo

13ýoco CONTINUE
13yo C!!! COMAPUTE ALL POSSIELE SINGLY DIFFRACTED FIELDS INCLUDE
IJ4V? Q!!! A CORNER DIFFkACTION TERM IF DESIRED RY INIPUT DATA.
l4~b DO 61 MP=I*,MPX
1Iiy' C!!! IF PLATE SHADOV4ED.THEN NO 121FF. FIELD.
1lvwU IF(LSHD(MP)) (10 TO 61
14it41 MEX-M.EP(UP)
1402 DO 60 MEwl ,MEX
140ý FNaFNP(AP.ME)
140)4 C!!! IF WEtULE ArEGLE IN;DICATOR (FN)4,coTHEN 'WAVE COMMON ENGE ON
1405 Cli! OTHER PLATE COMPUTE DIFF. FIELD.
:400 WFF~i~)G TO 00

140-1 CALL D!FPLT(EDPTH.ED)PPH4.EDP-.ThEDPCPH.FNME,MP)
1 408 ETH-ETH.+EDPTIh4EDPCTF
1 4w, EPH=EPfi+EDPPF.EDPCPH
1410 IFILOUT) CALL PRIOUTt6(40,MAP.ME,0.EDPU1,.EDPPIH)
14.11 IF (LOUT) CALL. PR IOUT(6500-'4P. ME, 0.ED PCV, E DPCPH)
1412 LO~ CONTINUE
141j o1 CONTIlNUE
1414 GO TO lilw

i4la1o 1A! LOOP aiiU THE vYARIOUjS IREFLECTED/DI'FFRACTED F'IELDS.
141' LA!! INCLUDE C~hrJitfi TE14A IF DESIRED BY INPUT DATA.
1418 DO 72 Mhul APXli

I1.C!!! It- SLUT V1I PI.ATETHEN NO kEF!I./IFF FIFLD.
I i L~llR, +fR) ) O TO 72

1-2 1.. 1 .! Ir PLATLI 4kl IS SHADVWI3D,TIEN F0O RF.FL. FIELD
I[ l.:'p~AflGO TO 72

0. V~I U..l*PX
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1424 Gi- To 0 1
I F L 1)rD(l?', M P) ) GO TO 71

1112c, ME X= -;PC ( .P)

1 e2t FfloF NP (ýP,;.Ai:
1 42ýp (,I It- H10-3( ThHI- 11AVFE MMONA0!I ON
14 L3 ! 3! THfL! PLATE: COI;PIITE F31FF. FIF.LD.
I4'.lO1.L.. GO TU 70
14'1,2 CALL R rLDP L( EHRPDT, EllPUP, ERPýT RE .F,'r.!,.R
1 4ý-. ET3!=ETHi+ERPDT*ERPi)C"
1 4_.4 EPH--PHEfRP,!+ERPPCP
14.35 IFiL0UT) CAL: PlIUOUT(73.4),1'R.'iP.'4E.ERP't7.F.RPflP)
1 43o IF (LOUl) CALL P111 OUT( 75,-, it IP..14,E. ERn'DCT.EPPUCP)
14 -' ', ',; co,1:';I1uE
143b3 1! CONTIIJUFi
I Z4*. 't2 CON3TIN3UE
I 44o~ GO 'I u' I.(
1441 W, CONINUflE
1 4'.2 C!! COJAPUTE THE VARIOUS CIFFdACTEI)/REF1.FWTR1~~!5
144 LI ! IlriCLON1 COkNEiR TERI' IF DRSIlE EY rItr;T DAT.

1 4.44 DO 2 MJP=l ,;PX
I 44t) !1 IF PLA'i.. 15 Z.9ADO3.EDJTHE~1.'-1N DIiF/REFL rFIE!P.
1.140 tF(L~ioW~iP)) GO TO 332
1447 kLX P'p

1 4, b 00 dl I t!E=I .:.*,E~X

145 1 00 60 1 ; . ?".i!Px1
14t), IFoit.EL2.kP) CC TO 0'
1 4'. 70IDi¼i))G)T d2;
I 4t4 CALL UPLIkPL( EVRT, EDi.PP, PT1CP* ,¶ ' M)

I 4tfi Ir(LCIJT) CALL PRI0JTC8t'. P.!YE.?R,EDHTEDPePP)
I4) Ir (CLUI') CALL PkIOUT J..1:EHICnTFPP

i 4c2 Gc TZ) lic.

14(J4 tI CHiEL., TC FEE IF DOUBLE N*FR~ACTI1:05 OCCURl.
14(,.)j LI IF SO. lICT IN OUTPUT FILE.
1400 T 1
I 4o't "4!z-I".3( it )14%)0
I 4Ob UP a-IU I 1 ) /24~-VE*20

M ppu- IiD( II 3.E* 4M'..':p*2 1
I~ ~ ~ ~ ~ ~ ~~~0 1A rLdA.~iPJ.P.~G C 931

I ",I Ir2P~t.~')~;o TO V12

1 471 %, r'JlWiA*i' DcAIML Nrs-PACT!WJN AT A!':3.E. '13.* ýW)Y PLAF'
1474 2,12,' WrC~f-r '.1?.' I5SN~A1)OVE1) BY PLA1E* ',P?)
1 4*1t Go '10 vI I
I A"I ý12 tlk1lUiLW,ý.14) I O'P.ME
I41 $1 ' t-Oni:.AIT(' MIME~~lIrk~l1l AT A 1L'.13.' tw. f
1 474 2.1I?.' HLGko 1,132.' IS SH*AUC~sM 11Y 14t CVLr~n-)

I II 1 23 CON, 41tl

140s It;.I CUMIi13J
1-o LA Cif C0WIWTE 0?ItCT t IEL i-RO' SC'J3lC

L1.o "CL ii,;X( 1XCL IP'f, -SO
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1 1,~4 2 CONTINU)E
14I 1!! COMPuTE SCATTFHUED FI! E~) Ftictl CNI-ND4EP

14I CALL SCTCYL( ESYH 1,ESPH;. RTH, ERPI!)
1'K ETH=E-YH+ESTfJ

I EPll=EPH+ESPH
I 4ýt) rýIt;(iOT.LOUT) GO TO 10Q!

14ý.o CALL~ -. )OUT( I ~,L~,EITH~.EIPP)
I4, CAIL Pt?1(YjT( 120, , ýOERTH, ERHP

I 4lxb CALL l J(,,C,(,~'.ESTH,FE-SPf')

I5~ t Ic! H COMPlJti: ALL POSSIB3Lt REFL~cm FIELDS R07-1 Er!O CAPS
I tu2 DO I t '.IC = 1 2
I~L C! !! ; AiNTENNF I Ois r EBDCpP sO PEFLEC1ED FIFLIl F!?O'A E~fl CAP
I*4 lF(LjRFC(:4C) CO TO 15

1 týVl) CA"iLL WFCAP(Ei:*CAT ,cJCAP ,VC)
I ! ;C, ETH=EITH+Ei.?CAT

I t)ý7 'Pf!=E l!+E CA P
1t(uJ)CALL PkIOU7(15t,4C,.'XC.9..ERCAT.ERCAP)

15 COIN1IIJUE
)IýIU GO TO 1 ( 0
Il :ýI Iv CO0NT 1 U E
I t) 2 C!!COWAP'TE ALL POSSIBLE DIFFR.ACTED FI ELMS FRO." E'Tr CAPS

:)3 00 50 'I.CCl.2
L14 CALL El1 FELCTh,EDCFHj'.0)

I ~ E p EPI=~H EDCP F.
IF(LCUT) CALL PRIU 501C , .ECN D~i

Ub t L CUNII!NUL
I UG TO I 1XO

I t)2 L, I COIJ-i HJUL
1-.21 Gt) 70 (250,AL7V.94-:%950).J
l')22 0~ CONTINUE

2 -'- C!!! COMPUTE /LL POSSIBLE FIELDE PEFLSCTEfl FPOII THE ")LATES WPE!:
.ý2 4 L!! SCA-ila'-NE m-:C:¶ THE CYLI!ECE

11)2,ý O 2v l0PI1,P.PXF?
I ý C!!! li- ANTE-i.t-A IS ON1 PLATE, THEN NO REFLECTED FIELD
I t)2' It-(LSUli(.AP)) GO TO 29
11)2b C!- le PLATE S!2AMOE)WE TFEN No REFLECTED FIELD
I ý2,, lr(LS~ibL(.kP)) GO TO 2f7

CALL kPLSCL(ERPST,Eý--PSP,EHPCT,ERPCP,5'n)
u~I ET.H=51H+Pi4PST

ItS 2 EPH=EPH+ERPSP
I ý:>-. Ir-(.NOT. LOUT) GO TO 29

I t:4 CALL PI CIJT(2e43,MP .0,0 ,ER?)CT. ERPCP)
St*- CALL PI(ICIJ(250.,'P,I.ý,0,5HýPST,Et?PSP)

I ,' CONT I tiIlI
GU TO I V

I 3,C!!! CUtAPulE ALL POSSIBLE FIELDS SCATTEPEP FRO," THE CYLI,!LDE~q T:4E~:
I~&C!!! I4EFLECTFD FPOZ.1 THE PLATES

.1541 DO 4.) !.!P=I,*.!XW
I t)42 CALL bCLRPL(EH:ISPTERSPP.ERCPT,ERCPP,1'p)
I n ETHui:1Il+FRSPT
1544 EPHwEPH+EdSPP.

IFH.:iyf.LOllT) GO TO 40
1 J40 CALL' PRI OUT (410. k-P,I0i,. XRCPT. ERCPP)
; ., CALL PIIY ,P'L,!STESP

I 1j4c ,,i. CONI INIJI:
1 '.O 1,6 o I 1'*O
I SStc '.'. CUNT-1 II k:
'It) I!! COMOWAE~ ALL POSS15LE FLE-Li)S REi:FLCTfLP' FPMO TAE CY-Itr!)ER T~
I 2!! lI Fft ACYF.-l) Fiv4-1 THýE PLATES

I L IF rAi SUAIfl ET C, THENI W)O IFFIRACTMY FIELD
I (LJL (.j )) 0 70 91
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I ti, -1DO "k IL3 .,I-

1:)ný' I F(0-N L- - ) GO TO 9V.
I txj CALL kCLLDPL( EiIDT!-, ,EUrPH, !,!ýE,I!P)
I noI ETH=ETHl+FAWfTF.

I t) o2 PH=EPwA+FRtfIM 1

tj,; I(I-OUT) CALL kU(41;P:E,,PT.EDýf
1 !ju4 W ~ cc,.,.,1; EU L

I ,t' CUNial~UL-

1 ýo7 CONT INUE
I 5~b C! H COA¶PtJ .i.E ALL POSSIbLE FIELi3S r)IFFRACTE-D FRO'.( THE PLATES THEN

UyC! '! dJLECThl. t~rLl THE CYL.INDL-f

I ,jI L!' IF- PLATL SIJAi)CZ2, THEN 140 DIFFRACTED FIELD
1 *72 Iý(Lj6~P)) :;(j Tf) q6

ihJ: C!' IF: EJGF DOLE ';UT :AVE STNO!TG FIL RE.-ýLECT5D FR'JN CYLImr.9k
IoC!' BYPA!3S SIJ[3k.

/ 1F.NUTLDCU'!'~~))00 T0 95
I 1t) F:.4=i.rtP (ýP.,rE)

I t/9 Ie(t-?.LT.o.) CC TU Y5
I bo CALL PiLC[rCEICF:,E,'P
I t)b I PTH=FTIf+!:DDCl

IDb. liz(LOUT) CALL PRIOIIT(95r,M1..P,YE8¾EGDRCTErflCP)
I t~4 yt CON'lJI;UL

I to -1 Ii-(LOUT) CALL PRIOUT(I. IJ.JJ.ETj-.ir-PH)
I t~o C!!! SUPLPPOSITICN CF TH4E FIELD CO-"FO1:PNT7. 1*EIGH71'!,"
')b ý C!!H CF li-ESUIT P: TERI'S CF THE INPIT EXCI'.*TIOM. ANDp

15ý,L* C!! H H ii~CO!3ESIoG OiL THE POLARIZATION TO msE
I~I C!!H PAV±EkNl CUT CCO0RINATE SYSTFE".

rE P i ;( I I )=E P HT ( I I ) +, I * ( E P I * CC( A L R+EL k )-ET7* S I!( k!. L )
1~ 1 1 CO'NTIUWE:

I :)Yu IF (.:WUi.L0L;) GO TO 1200'
1597 00 120J2 II=IEP,IEP,1S

12 ;22 CALL ?k-l(UJT (L2~IIIEfiI)EH(I)

I oL I C..! N L-THI4IA AAJC E-P'HI RESULTS ARE SENT TO T"NIT *M(LIN'ý PRINTERl).
1oc2 IbEIEtP- I
I ow ' Ir,(.L~tklE! CtLL OUTPIrr(E,-hT,EPl--TLC1'DA.TTP,Tpm.l;i,1E.E.IS)
1 ~4 L;!! PGLAI? PLOY GF DATA IF DZSII:2ýLl.

k.;C!! W~TE THAI TH2 PLOTl RCUTINES ARE ':OT I:-CLUDED
I..C!!! SINCE Th-EY CANJ :IOT BE USED 0,'. MLL SYSTEM~S.
I vv7 IF( .:IuT.LPL-l) Go T0 ¶~99a

I ut, C ALbU CALL PULPLT;(EF~TIkADIUS,IPLT.IE,.361)
I o6 s C AO1) CALL PULPLTA(FPF1T.kiADIUS.IPI.TIE-,~61)
lol i~, i COMJ I til It:
oi~l Go To 2ýl
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ii.i|i
A description of the various GTD computation sections based on

vwlues of J and K follows. A partial listing of each section is
repeated for clarity.

K41, J=1

This section calculates the geometrical optics source field.

tt C

-. •. ! ,, 1 . ,

,11 ,



K=],J=2
This section calculates all fields singly reflected from plates.

SSte~p through plates I

variable - MP

[ Calculate field components of, source

ray refslectd from plate MP (ERPTY

and ERPPH) (call subroutine REFPLA)

Super:impose reflecte~1 field
comoonents ERPTN and •.RPPH witttpreviously calculated values

for single reflection fromother plates (EPHET)s

Goli totls 1000 edYe

ijc5, 2o CO~F I TIUE
13eo C! .! COMPLUTE PLL POSSIBLE SINGLY REFL.ECTED FIELDS F.ROM. PLATES.
1307 {DO 25 .4•P= ,1'PXf
i1joti C! '! IF SLuT C'J PL.AT',THIE?' NO REFL. FIELD.

13o9 IFCLSURFC:.PI) (GO TO 25
13" • C! !.' I F PLATE SIIAIPOOE'), ThEN ;NO REFL. F!IELI).
IJ'•l ICLSHlD(,.IP)) GO TO 25
I3"12 CALL 14EFPLAc E~T~I,E;ePP4,AP)
1l373 EP !ETH÷ER 'e

l4J;4 EPH:EPU.÷EhPPF~
I5•t• IF(LOJUT) CALL PRIOUT(2~1,NP.;',/ , ,,ERPTH, ERPPH)

13"1 25 CONTItNUE
.1o77 GO TO
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* K=I, J=4

This section computes field components for all source rays singly dif-
fracted by plate edges.

Stp throughegso plates M
variable MP

paclate edg iffacted and orne r

ray difated rou edges M o f plate MP ---

Sifprctd fi ed g a~pngent fsuc

Sueimoediffracted fie3ld
prad e eviu sly calculaton)edge

Goto 100

Cacuat egedifrctd nd7 one

difatdfedcmoet fsuc



13(/5 coo0 CONTINUE
1396 C!!! COMPUTE ALL POSSIBLE SINGLY DIFFRACTEED FIELDS INCLUDE
1397 C!!! A CORNER DIFFRACTION TERM IF DESIRED BY INPUT DATA.
13Y8 DO 01 MP=lMPX
13(/Y C!!! If: PLATE SHADrOIVED,rHEN NO DIFF. FIELD.
1400) IF(LSH-D(PP)) GO TO 61
1 40J1 MEX=MEPUAP)
14V-2 DO 60 ME=I,MEX
I 4:. FN=FNPCMP,V'E)
14[,4 C!!1! IF WEDGE ANGLE INDICATOR (FN<O.THEN HAVE COJ'MON EDGE ON'

I C!!! OTHER~ PLATE COMPUTE DIFF. FIELD.
l4Mo IFF7L0.) TO 60.
1 401 CALL DI FPLTC EflPTi, EDPPH, EDPCTni#EDPCPH. FN .ME, MP)
1 408 ETH=IEFH+E:DPTH+EDPCTli
1 409 EPH=EPHI-{+EDP!PH+EDPCPH
ý 41 o It(LkOUT) CALL P,?IOUTi(6~),30hP,ViE,9,EDPTH,EDPPH)
1411 IF (LOUIf) CALL PRIOUTL(65iUýPM'EP,EDPC-th,EDPCPH)
1412 0)l CONTINUE
i413 Ci CONIIINUE
1414 GO TO I i ý
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This section computes field componlents for all source rays reflected
by a plate and then diffracted from an edge on another plate.

S ep through pldg eson 1teM
variable -MR

Is
difaton plto beYe

hamnopled byma toe platemon)

plate MR tcl sboutalle YesP

0N 1
Ste thrug p- -



Superimpose reflected diffracted
field components with those

previously calculated

FGo to 1000

141I It)10 CONTINUE

141c C!!! LOOP ThlU THE VARIOUS REFLECTED/DIFFRACTED FIELD TERMS.
141"I C!!! INCLUDE CORNER TERM IF DESIRED BY INPUT DATA.
1418 DO 72 Mk.1=I,MPXR
141 ý, C!!! If- SLOT ON PLATE,THEN NO R'FIJDIFF FIELD.
1420 IF(LSURF(MR)) 00 TO 72
1421 C!!! IF PLATE #MR IS SHADO•1ED,THEN NO REFL. FIELD
1422 If (LSHD(MR)) GO TO 72
142.3 DO 71 MP=IMAPX
1424 IF (MP.EO.I•A GO TO 71
142t JIr(L!HD(M4R,hP))GO TO 71

1426 , MEX=MEP(MP)
1427 DO 70 ME=I,',EX

142b FN=tNP(MP,ME)
;429 C!!! IF FtN<U 1HEN HAVE COMMON EDGE ON
1430 C!!! OTHER PLATE COMPUTE DIFF. FIELD.
1431 IF(FN.L0..) GO TO 70
1432 CALL RPLDPL( ElPDT. EMPDP, ER PDCT, ERPDCP, FN, I lE, '4P.MR)
1433 E]H= E'il!+ERDT+ ERPrCT

1434 EPH=:PH4Ek PL1P+ER PDC-)
1435 IF(LGUT) CALL PRIOUT(7AX3.M,1..¶,E, ER PDT,EP PP)
143o IF (LOUD) CALL PRIOUT(7b-O,MR,'¶P,.E,FRPDCT,L:RPDCP)
14.37 WJ CONTINUE

4*-8 -1 CONTINUE
43' ]2 CONTINUE

14i,) GO 1 0 11;310
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K=1 J=6

This section computes field components for all source rays diffracted
from a plate edge and then reflected off of another plate.

Step through egso plates N
kV I variable = ME

FEe
dilfateion to bel shandlwed b e

FNo0

St pthtoghede oP i plmate M

vaialae - M?

diffracti o Yeshnld e

Goe thoug pla00

vaib 3

1.RMp



1441 800 CONTINUE
1442 C! !! COMPUTE THE VARIOUS DIFFRACTED/REFLECTED FIELDS.
1443 C!!! INCLUDE CORNER TERM IF DESIRED BY INPOT DATA.
1444 DO 82 MP=I,MPX
1445 C!!! IF PLATE IS SHADOWED,THEN NO D1FF/REEL FIELD.
144o IF(LSlHD(MP)) GO TO 82
1 44- MEX=MEP(MP)
1448 DO 81 ME=I,MEX
1449 FN=FNIP(AP, ME)
1450 IF(FN.LT.0.) GO TO 81

*1451 DO 80 lkfý=l .MPXR
14t)2 IF(MR.EU.MP) GO TO 80
1453 IH(LIHD(MP,AMF)f)GO TO 80
1454 CALL DPLRPL(E)RP7T,EDPPP,EDCRPT.EDCRPPFN,ME..'AP.MR)
1455 ETH=ETH+E[)RPT+EDCRPT
1456 EPH=EPH+EDRPP+EDCRPP
14t)- IF(LOUT) CALL PRIOUT(8u0r,:AiP,ME,.1R,EDRPT,ED)RPP)
1458 IF (LOU'i) CALL PRIOUT (850,MýP,H4E,.MR,EDCRPT,EDCRPP)
145Y LE0 CONTINUE
1400 81 CONTINUE
1461 b2 CONT I NIE
1462 00 TO ILOO~
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K=1, ~J=7

This section identifies double diffraction shadow boundaries.

Yes

Specify number of edge (.MEl) andIplate (MP) where basic diffacin
Ioccurred and plate which shadowe~d0'

Idiffracted ray (MVP,

Wite the message noting preseace
of double diffraction and*~nd~i-atp plates involved

Go to 1000

1403 ý0 CONTINUE
1404 C!!! CHECK Tu SEE IF DOUBLE UIFFRACTIONS OCCUR.
I 40t C!!! IF SO, INDICATE IN OUTPUT f:ILE.
1406 IF(IDO(JI).OE.0WO0TO V11
14o7 IMEn-IDOC)Il )/400~
146b MP--ILIE)( It )/210-,E*20
14o9 MPP=-IVUI( II )-.iE*40iD-MkP*243
1470l IF(LGRND.AND.PPp.GH1~.PX1) GO TO 911
1471 IF(!.PP.EQO)w 60 TO 912
1 412 Y?'kIi L-6,ýI 3) I ,MPI..,MPP
1413 ,ýI3 FuwMA*!'(- DOUBLE l)ItFFACTION AT ANGLEw 1,13,# FROM PLATE# 0
1474 2,12.-' EICEW -',12,' IS SH~ADOWED BY PLATE# -',12)
147h t0 Go1` 911

14 -1, 1,14 FUHM.~AT(*' DOI)BLIL DIFFRACTION AT ANGLEN ',13,' FROMI PLATE#
14783 2,12,' ED)GE# ',12,' IS S1IAD0VI'iD BY THE CYLIIDERO)
147's '.IfI CONTINUE
14)JU GO TO 10M0i
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K=2, J=1

This section computes the source field and the field scattered from
the cylinder. I

Yes?

Compute field components
of dirett field from source

(call subroutine INCFLD)

Want Yes
source Dattern only?

Compute fields scattered from cylinder
(call subroutine SCTCYL)

Sum incident and cylinder
fheld components

G,. o t oo .0 I

14ts Ik)l CONTINU,
I 4b L!!!l C•MPUTh DIRECT FIELD FROM SOURCE
14•b II-(LPLA) GO TO 12
14bo CALL I • CFLU( E I TH ,E I PH .LSCR)
1 .1 7 El H=E I THI 4t-ki LPII=Lt,• I PFý
I46Y IH(LSOIH) GO TO 1000
I 4YkI) 1, CON I I NliL.14'.l CI II Cu.PUri" SCATL-REUD FI!EL9) Ft)N 4 CYj.IIf[)EW
149. CALL SC' IYL(tIS.i',LSPiH.ElkiTiF.RPH)
14,, L-TH-L4s'K0 S'11
I .',, .,; l=PIll,:HIH+L. S PH

4v', Il-(.NOI'.LOUT) L) TO 10M
414,u CLL PRIOUTII , i.EI i,)

1 4, CALL PRI CUT( 12 •, C, P, C, EFil, ".,?PI )I4,'b CALL PRIOUT( IJI , ESThE.5Sp)
14•. GO TO I "'w,

I



K=2, J=2

* This section computes fields reflected from cylinder end cans.

CScltep fiouheld caiponsfr

source ay relectend fran o e
o e n dra o- cap surace
cal Suroutine 

R UEFC >

Calclat field com~ponents for

the two end caps

Go to 1000

IL t b&Itý CONTINUE
t4I tw I COMPUTE ALL POSSIf3LE REFLECTED FIELDS FROM Ehtf CAPS

IbiX- (! Ii II I AN~TENNA IS ON kNVCAP NO AEFLECTED F1 ULD FROM4 END CAP"A: .1 1 F ( .-SF( MC )) GO TO 15
ljw!ý CALL WHtFCAP(ERCAfitIRCAP.MC)

týýe E ITI H-F.l EN CAT
I !)j7 EPlf0FPl4+l1ýCA P

I~ ~ 11 0F(Xttx) :ALL PRIOUT( 1%1.,1C.0,I0,ERCAT.ERCAP)
[~~l! CONT MWE

GO Tu I ivo
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K=2, J=3

This sectiooi computes field components for all source rays diffracted
from the cylinder end cap rims.

• [ ~Step t.hrough end caps }

variable - MC

II
source ray diffracted from rim

of end cap MC
(call subroutine ENDIF)

SGo to 1000

I iI X) CQOfl INUE
II e L! !I CU:tPUT'f ALL POSSIBLE, UIFFRACTED FIELIS iFROM END CA"IS

Do 5.) !3C at,2
CALL VIDIP(EM-41,EDCPH,U¢C

I? b PJc= PH •D.d)P •

II V (LOkiT) CALL p,4.I OUT (5MiC, (, 0. -DCT'. ErICPH)
t i. t l; CON T I •INUE

!. .... 88
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K=3, J=1

This section cvomputes field components for all source rays which are
reflected from a plate and then scattered by the cylinder.

Step throught p~ates

vf f~ ari Pabtle n MP tte

source ray wiIc on thefec

plat or a ple Touted no~rtJ l Yesl

to the plateO

(LScRF(P)rtRuL

t~ U11C(MP~hAL. OS~H.E~I.US FLC~D 1W TE LAINoTE

l~~~2Pat MPI totallyd~L shadowe YesCIAO
Uu~~ro w!vS4P1*Ue

I~~~~~Q~Clult field comonnt fN~?A I N L~.TE or iELCh I
sourc rau H a y whO c is relete

Ib2I~~~of ofI pgPA l SateWD V hE No thenC~t scattere

l~So .a IWO

1 5 0col"TI 89I t)e 30 1 CUPU7EALLPOS14L ý;MU)SUEFECTD FR4 T PLTESTHE



K=3, J=2

This section calculates field components for all source rays scattered
from the cylinder and then reflected from a plate.

Step through plat1 es(variable - MP)j

Calculate field components of
ray scattered from the cylinder

and then reflected from plate V4
(call subroutine SCLRPL)I

Superimpose field components for
scatter-reflection with those

previously calculated

Ib3r 400 CONTINUE

l c C! !! COMPUTE ALL POSSIBLE FIELDS SCATTERED FROM THE CYLINDER 'IMEN
k.• '! R HEFLECTED FRCM THE PLATES

".41 DO 40 :4P=l !IPXR
b41 CALL SCLRPL( ERSPT, ERSPP, ERCPT, ERCPPMP)

1-,43 ETiETH+,ERSPT
.,4 EP1= EPH+l, S PP

It)4b , 1F(.NUOT.ILOUT) GO TO 40
l*4u CALL Pk OUT(A41(,)M.Ik, ,ER'CPTERCPP)
1.4' CALL PkICUT( 420, IWP,O,OlEPSPT.ERSPP)
1 t 40 CCITT I N UE

I1, 4 k" Cc TO Ivls•
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K=3, J=3

Fhis section computes field components for all source rays reflected

Iroir, the cylinder and diffracted from a plate edge.

Step through edges On plate Vs

(variable -M•)

[ pecf:y vee apgle number, FP
esYes

I

!)v otner (:oimmon) edge?

Calcul~ate field components for source
ray reflected by the cylinder and then
diffracted off of edge Mr of plate Mp

(call subroutine ICLDeL)

Sjim reflecrted-,iffractea f!ield
components witn those previously
c nn calculated

Go to 1000

I tb ,40 COT-rINUE
1Ub1 ! !,! CO'MPUTE ALL POSSIBLE FIELDS REFLECTED FROM THE CYLINDER THEN
It2 L!!! UIFFI.AC'iED FROM THE PLATES
I5 t5 00 , P=IM.PX
b1:4 C!!!. I' PLATE SHADOfVýEP, THEN NO DIFFRACTED FIELD

1 555b 11-(LSHLV( 9P)) G) TO 931
I b5: RX=;EP(?P )
1b55 DO Y.} M.=I, tEX
I 5Db FN F;1P (f I P, , M E I
1t I/ I, IF(F'i.Li..L -0 GO TO Y 0
"V• CALL LI :)o I E'H,,-..T'i"; ER DT F

I Do" EPH EPH ERWPH
I tboo :ý(LOUT) C/LL PRIOUT(94(v',t4P.,.,E0,,ERDTF4,ErDPH)
ID4 1. CONTINJUE
I5o0 1,3 CONTINUE
Ib 5eit GO TO 16,00
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K=3, J3=4

This section computes field components of all source rays-diffracted

from plate edges and then reflected from the cylinder.

Step, through pldtes o

plate NPtoal
(hadoer omathe YesIE

'110
Can N

edge result in field reflecte N
fromi the cylinder?

Yes

Specify wedge angle nusnberP

IsYe



I 5o7 i,60 CONTINUE
1568 C!!! COMPUTE ALL POSSIBLE FIELDS DIFFRACTED FROM THE PLATES THEN
150s, C!!! REFLECTED FROM THE CYLINDER
157i3o DO 96 .1MP=I, MPX
1571 C.l! IF PLATE SHADOWED, THEN NO DIFFRACTED FIELD
1i72 IF(LSHD(MP)) GO TO 96

1575MEXZM.EP( MP)
1514 D0 95 ME2I,EM.EX
1575 C!!! IF E.D)GE DOES NlOT HAVE STRONG FIELD REFLECTED FROM CYLINDER
1076 C!!! BYPASS SUBR.
1577 IF(.NOT.LDC(-P,*ME)) O0 TO 95
1578 FN=Ft4P(IVP, ME)
,-•-I79 IF(Ffl.LT.*.) GO TO 95
;5I 5b CALL L)PLRCL( ElROT, EDRCP, FN , ME, ,P)
Ib I ET!=ETH+EDRCT
I1b82 FPH=FP~i+EURCP

IF(LOUT) CALL PRIOUT(950,MP,ME.O,EDRCT,EDRCP)

I i -



SYMBOL DICTIONARY

A RADIUS OF CYLINDER ALONG X AXIS IN WAVELENOTHS
ALN ANGLE THAT CONVERTS FIELD POLARIZATION FROM

REFERENCE CCORDINAIE SYSTEM TO PATTERN CUIT
COORDINATE ýYSIEY/

AS PI -THSR
kXCYL VARIABLES U,.ED T0 DETERMINE IF THE CYLINDER COORDINATE
AYC0L SYSTEM IS THE SAME AS THE REFERENCE COORDINATE SYSTEM
AZCYL (BEFORE RCS TRANSFORMATION)
IS RADIUS OF CYLINDER ALONG Y AXIS IN WAVELENGTHS
bLk BPL IN RADIANS
I3PL ANGLE THAT CONVERTS FIELD POLARIZATION FROM PATTERN

CUT COORDINATE SYSTEM TO A RECEIVER COORDINATE SYSTEM
(NO'I PRESENLY IMPLIMENTED)

"CAS COSINE OF AS
CIC COSINE OF TFTPR AND THTNR
cPý COSINE OF PHSR
CTC COTANGENT OF THTPR AND THTNR
CTHS COSIIlE OF THSR
HEUC Pf t PHI COMPONENT OF FIELD DIFFRACTED FROM END CAP

RIM IN RCS
EVCRPP PHI COMPONENT OF FIELD DIFFRACTED FROM CORNERS OF EDE
- tDL:D E OF PLATE MP AND THEN REFLECTED BY PLATE ?!R (CORNER DIF)
�iL:C~iT THETA COt.PONENT OF FIELD DIFFRACTED FROM END CAP

RIM IN RCS
t. UCa,• THETA COMPONENT OF FIELD DIFFRACTED FROM THE

CORNERS OF EDGE ME OF PLATE MP AND THEN REFLECTED
BY' PLATE MR (CORNERZ DIFFRACTION)

EDPC!)H PHI COMPONENT OF FIELD DIFFRACTED FROM CORNERS
OF EDGE ME OF PLATE MP

ELJPCih THETA COsMiPONENT OF FIELD DIFFRACTED FROM CORNERS
Gt- EL)OE t.E OF PLATE MP

El;PPti PHI CO.MPONENT OF FIELD DIFFRACTED FROM EDGE ME OF
PLATE MP IN' RCS

EUPTH 11!E'A COIMPONENT OF FIELD DIFFRACTED FROM EDGE ME
OF PLATE MP IN RCS

E:CI(LP Pil COMPONENT OF FIELD DIFFRACTED FROM EDgE ME OF
PLATE MP tND REFLECTED FROM THE CYLINDER

ELD"hCi THETA COMPONENT OF FIELD DIFFRACTED FROM EDGE ME OF
PLATE MP AID REFLECTED FROM THE CYLINDER

EUItPP Pill COMPONENI OF FIELD DIFFRACTED FROM EDGE AE OF
PLATE ME AND THEN REFLECTED BY PLATE MR (EDGE DIF.)

EDI•'t iHEIA COMPONENT OF FIELD DIFFRACTED FROM EDGE ME OF
PLATE MP AND THEN REFLECTED BY PLATE MR (EDGE DIFF.)

EIPH PHI COMPONENT OF DIRECT FIELD FROM SOURCE IN RCS
EItPH ",E2A COMPONENT OF DIRECT FIELD FROM SOURCE IN RCS
EPI'; PHI COMPONENT Or SCATTERED FIELD IN RCS
tý PI"i PHI COMPONENT OF TOTAL CALCULATED E FIELD IN

PATiERN CUT COORDINATE SNSTEM
EtCAP PHI COMPONENT OF FIELD REFLECTED FROM CYLINDER

Eh-D CAP IN RCS
EWCAf 1.H1'IA COM.4POENT OF FIELD REFLECTED FROM CYLINDER

END CAP Ii: kCS
EriCPr' PHI COMPOENI OF GEOMETRICAL OPTICS FIELD REFLECTED

FriC. CYLINDER, AND THEN REFLECTED FRCM PLATE MR
EiC '' THE-'; COMPONENT OF GEOMETRICAL OPTICS FIELD REFLECTED

t-al.i CYLINDER, AND THEN REFLECTED FROM PLATE MR
L,,,}iI Pill COMPONENT OF FIELD REFLECTED FROY CYLINDER

AND DIFFRACIED BY EDGE ME OF PLATE MP
t d}'1;I THII-'IA COMPONENT OF FIELD REFLECTED FP1? CYLINDER

ANt) DI FFRAC'.;') BY EDGE M.IE OF PLATE MP
ýtfl'lk} PHI COMPONENI OF OEOMETRICAL OPTICS FIELD REFLECTED

UY PLATE MlR iAND THEN SCATTERED nY THE YI.:NOER
Lo'Cii THErA CO,'iIONENT GF GEOMETRICAL OPTICS T!FITr REFLECTED

bY PLATE MR AND THEN SCATTERED BY THE CYLINDER
iku%;I PIHil COMPON.NI OF FIELW REFLECTED BY PLATE MR AND
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DIFFRACTED CY THE CORNERS OF EDGE ME OF PLATE MP
(CORNER DIFFRACTION)

EkPUU'4 THEIA COMPONENT OF FIELD REFLECTED BY PIkATE MR AND
DI FrRACTEr[ BY THE CORNERS OF EDGE ME OF PLATE MP
(CORNER DIFFRACTION)

ERPUP PHI COMPONENT OF FIELD REFLECTED BY PLATE MR AND
DIFFRACTEL PY EDGE ME OF PLATE MP (EDGE DIFFRACTION)

EkPl;%' THETA COMPONENT OF FIELD REFLECTED BY PLATE MR AND
DIFFRACTED BY EDGE ME OF PLATE MP (EDGE DIFFRACTION)

ERP. ?!7'I COMPONENT OF GEOMETRICAL OPTICS FIELD
REFLECTED FROM CYLINDER

ERPPH PHI COMPONENT OF FIELD REFLECTED FROM PLATE MP IN RCS
EaPSP PHI COMPONENT OF FIELD REFLECTED BY PLATE MR

AND THEN SCATTEREI) BY THE CYLINDER
ERPS" THE'IA COMPONENT OF FIELD PEFLF*..TED BY PLATE MR,

AND THEN SCATTERED BY THE CYLINDER
ERPTIH THETA COMPONENT OF FIELD REFLECTED FROM .PLATE MP"EH EPP PHI COMPONENT OF FIELD REFLECTED FROM PLATE MP

AND THEN PLATE MPP IN RCS
EkkP' THEiA COMPONENT OF FICLD REFLECTED FROM PLATE MP

AND THEN PLATE MPP IN RCS
E11;PP PHI COMPONENT OF FIELD SCATTERED BY THE CYLINDER

AND THEN REFLECTED BY PLATE MR
E iP" Tr{E-A COMPONENT OF FIELD SCATTERED BY THE CYLINDER

AND THEN REFLECTED BY PLATE MR
ERIH THEIA COMPONENT OF GEOM.iETRICAL OPTICS FIELD

REFLECTED FhO, CYLINDER
ESPH PHI COMPONENT OF FIELD SCATTERED BY CYLINDER IN RCS
ESTF THETA COMPONENT OF FIELD SCATTERED BY CYLINDER IN RCS
ETH THETA COMPONENT OF SCATTERED FIELD IN RCS
ETH' THETA COMPONENT CF TOTAL CALCULATED E FIELD IN PATTERN

CUT COORDINAIE SYSTEM
" r WEDGE ANGLE INDICATOR OF EDGE ME OF PLATE MPI NiQG THE FREOUENCY IN CIGAHERTZ

)I DO LCOP VARIABLE
lIP PA:1ERN ANGLE LO\ER LIMIT PLUS ONE
IEP PATgERN ANGLE UPPER LIMIT PLUS ONE
I1 DO LOOP VARIABLE USED TO STEP THROUGH PATTERN ANGLE
I CHARACTER STRING USED TO INPUT COMMAND DESIRED
is INCkEMENT ON PATTERN ANGLE
IT CHARACTER STRINGS CONTAINING COMMAND VARIABLES FOR

DATA INPUT
1[T CHARACTER STRINGS USED AS COMMAND VARIABLES eOR

DA4t/. INPUT
4 DO LOOP VARIABLE USED TO STEP THROUGH INDIVIDUIAL

GT) TERMS
& DO LOOP VARIABLE USED Tn STEP THRU MAJOR GTD GROUPINGS
LAuEL CHAhACTERS ULSED TO SPE'IFY UNITS USED TO INPUT DATA
LAkP LOGICAL VARIABLE SET TRUE IF NF-. SOURCE DATA WAS

INPUT
LNHUf LOGICAL "ARIABLEs SET TRUE IF RCS TRANSFORMATION IS NOT

TO bE PERFOkMED
mc INRUX VARIABLE FOR CORNERS
SE INDLX VARIABLE FCR EIWQES
MEUX MAAXIIUM NUMAER OF EDGES ALLOWED ON ONE PLATE
,hX NubER OF EDGES ON PLATE MP (NOT AN ARRAY)
SP INDEX VARIAbLE FOR PLATES
,tPI, MAXIMUM NUMLER OF PKATES ALLOWED
APP INUrX VARIAbLE FOR PLATES
'AK INDLX VARIABLE FOk PLATES
MS IGHX VAUIA!bLE FOR SOURCES
1tsU>. MAXI'.Ul. NUMIER OF SOURCES ALLOWED
N INDUX VARIABI.E
N I INDLX VAR• A-LE
IJ l LT)EX VARIABLE
P14P PHI ANGI.E D)EFINING PATTERN ANGLE IN PAITERN CUT

95



C(Ofd.)I NATE SYSTEM
Sptip PHI COMPONENT OF PATTERN ANGLE IN PAT CUT COORD SYS

PHSH PHI COMPONENT OF PATTERN (OBSERVATION) AN(,LE IN RCS
SAS SINL OF AS
SASP SIN(AS-PI/2)
SiJc SINE OF THTPR AND THTNR
5P; SINE OF PHSh
STHS SINE OF THSR
THP THETA ANGLE DEFINING PATTERN ANGLE IN PATTERN CUT

COORDINATE SYSTEM
rHPR THETA COMPONENT OF PATTERN ANGLE IN PAT CUT COORD SYS
THSk THETA COMPONENT OF PATTERN (OBSERVATION) ANGLE IN RCS
THTNR ANGLE NEGATIVE END CAP MAKES WITH Z AXIS (IN X-Z PLANE)
THIPH ANGLE POSITIVE END CAP MAKES WITH Z AXIS (IN X-Z PLANE)
TPPD PATTERN ANGLE WHICH REMAINS CONSTANT
UNIT CONAERSION FACTORS TO CONVERT FROM METERS, FEET,

Oik INCHES TO METERS
VXS X,Y,Z COMPONENTS DEFINING SOURCE COORDINATE

AXES IN RCS COMPONENTS
Al (COhIPLEX) WEIGHTING COEFFICIENT OF SOURCE EXCITATION
XCL ) XYZ COMPONLNTS DEFINING AXES OF CYLINDER
YCLI COORDINATE SYSTEM (BEFORE RCS TRANSFORMATION)
ZCL (IN kCS COMPONENTS)
ACG X,Y,Z COMPONENTS OF LOCATION OF CYLINDER COORDINATE

SYSTEM ORIGIN IN RCS (BEFORE RCS TRANSFORMATION)
XCOý DISIANCE BEThEEN RCS ORIGIN AND CYLINDER COORDINATE

SYSIEM ORIGIN
XOO CONSTANT (-C,0,0)
XPC X,Y,Z CO.PONENTS DEFINING AXES OF PATTERN CUT COORDINATE
YPC> SYSTE�M AFTEr, RCS TRANSFORMATION
ZPCJ (I RCS COMPONENTS)
XPD) X,Y,Z COMPONENTS DEFINING AXES OF PATTERN
YPD CUT COORDINATE SYSTEM (IN RCS COMPONENTS)
ZPDJ (BEFORE RCS TRitNSFORMATION)
XS X,Y,Z COMPONENTS OF SOURCE LOCATION (INSIDE SOURCE

LOOP)
XXX COMPUTATIONAL VARIBLE
ZC PoI?:T WHERE UPPER AND LOWER CYLINDER END CAPS MEET THE

Z AXIS OF THE RC$
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_ BABS

PURPOSE

This function computes the absolute value of a complex argument.
It is similar to CABS, except it avoids run time errors when the real
part and imaginary part of the argument are zero.

j METHOD

The system function CABS is used unless the absolute value of
the real part and the imaginary part of the argument are close to
zero, in which case a very small value is returned.

SYMBOL DICTIONARY

X ABS(JLUTE VALUE OF THE REAL PART OF Z
Y A8SOiLUTE VALUE OF THE IMAOINARY PART OF Z
Z 'I"iHb COMPLEX ARGUMENT

CODE LISTING

2 C FUNCTION F3ABS(Z)

4 C!!! THIS kI.ItINE IS USED TO GIVE COMPLEX AFSOL'ITE VALUES. IT IS
5 C1!! USED kA'IHER THAN STAN!DARD ROUTINES TO AVOID EXECUTION
o C!!! EHRORS.
'i C1 !1

COAPLEX Z
X-ABSS(REAL (Z )

It YnARS(CAIMA0(Z))
i I IWX.LT. 1.E-IL .A'0.Y.LT. I.F.-IO) GO TO 10
11) BABC,:AkbS(Z)
13 RETUIWI
I1 h, 1* ABS-I.E-11
S"- RETURWN
Ic ENVI

9 I
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S~L

BLOCK DATA

PURPOSE

To load commonly used data into the caomon area.

CODE LISTING

2 BLOCK DATA
.3 C111
4 C!!t LOAD COO=NLY USED DATA INTO COMMON AREA.
!CII! COMPLEX CJ,CPI4,TOP

COMMON/PIS/PI,TPIDPR,RPD
COI.WON/COMP/CJ ,CP! 4
COMMON/IOPD/TOP

to ! DATA PITPIDPR,RPD/3.14i59265,6.28318531,57.295T795,
it 20*0174532925/
12 DATA CJCP14/(O.,I.),(.70710678,-.78710678)/
13 DATA TOP/(-.70710678,.70710678)/ 1
14 END

I.9

•..

iI
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BLOG1O

PURPOSE

This function computes the logarithm to the base ten of the argu-
ment. It is similar to ALOGlO, except it avoids run time errors when
the argument is zero.

METHOD

The system function ALOG1O is used unless the argument is close
to zero, in which case the logarithm of the limit number is returned.

SYMBOL DICTIONARY

4 iHE ARUUMENT OF THE FUNCTION

I
CODE LISTING

C-- ---------------------- -- -- -- -- -- ----
2 FUNCTION BLOOIO1(X)
! LW!!
4 C!!! THIS kUUTINIE AVOIDS 1HE ERROR ASSOCIATED WITH THE

L!!! ALOGI CF A ZERO NUMBER.

a IF(X.(T.I.E-I;)) 00 TO I8• bLWX I W-- 141.
'6TURN

IW I bLOGIO•W LOGO(X)
II WETUWN
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BTAN2

PURPOSE

This function computes the two argument arctangent l'nctioh.
It is similar to ATAN2, except it avoids run time errors when the
second argument is zero.

METHOD

The system function ATAN2(YX) is used to return the angle in
radians, whose sine is Y and cosine is X unless the second argument
or both of the arguments are zero. If the second argument is zero,
either ir/2 or -w/2 is returned depending on the sign of the first
argument. If both arguments are zero, a zero value is returned.

SYMBOL DICTIONARY

X SECCND ARGUAPENT, NHICH IS THE COSINE OF THE ANGLE TO
BE COMPUTED

Y FIRST ARGUMENT, W4ICH IS THE SINE OF THE ANGLE TO
BE COMPUTED

CODE LISTING

2 HUNCTIO14 OTA?12(Y.X)
,•U! !
0 !! HIS 1OLTTIFE IS USED TO COM•4PUTE TIlE ARCTAflOENT, IT IS
L .I!! 59III.Ak TO AITA2 EXCEPT IT AVOICS VIE RUN TIME ERROR•S

0 Lill "cW•Ui44o!iP '•r STPI pIPRIlfrn
SIF(A~iX).O�1.I.U-1I) CO TO 5V'

SIF(ALPS(N).4T.I.hj-I10) GO TO 10
I BTAN2m0".
,I I UETU4N
12 to ITAi2u1PZ/2.
I -' IF(Y.LT.,, ) ETA12H,-BTAIN2
I.. I IETUHN1-. I• t); W TAt12*A1Al12(Y, X|

liu RETUJRI

II
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L.: •CAP I NT

PURPOSE

To determine if a ray traveling from a given source location in
a given direction will hit a cylinder end cap.

PERTINENT GEOMETRY

SY ,---SOURCE LOCATION

AN 6 A

XTiL

SIDE VIEW

I ..*-SOURCE LOCATION

XI

TOP VIEW

Figure 48--Gemetry of ray which hits an end cap.
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METHOD

The subroutine checks to see if a ray emanating from a source
in a given direction hits a cylinder end cap. First it checks if
the ray is aimed toward or away from the end cap plane by comparing
the sign of the dot product of the scatter direction and end cap
normal (ON) and the sign of the dot product of the source location
vector and end cap normal (AN). If the ray is directed toward the
rnd cap plane as shown in Figure 48, the intersetion point with the
1 'ane is found from

- AN

The distance from the intersection point to the center of the end
cap is then compared with the radius of the end cap to determine
if the intersection point lies within the finite limits of the end!
cap.

I1
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FLOW DIAGRAM-

CAPIN#T (XIS.D,M41TjD.LH1Y)

ttWUT VARIAB5LES
0 ray proodgatlon direttion in UCS
R ndtcates wnich end cap is to be Ched:

-'40<0 bOoth end cap$ are checked
"041 onliy most positive end cap 1#1)

is checked
Ha.Z only ftst negative end C:O 0'2)

is checked
X:S 4.y, c•onents of lource (or ray

OIP .11M IkOROR il RC

"".?T set true 'f -ray •its end C3o
VAI? Ist~mnce from mu~rce "D nearest kki ;oint
At$ ICK-,tpOf a hl' 09Oat "R ACS

(u~sed only if MD.0

Noe- its ts Used as t"th 0foti 4AQA& ou~

stA tr r'jp tr, ca 12

-%K.

. .

A' ft *RCet ;t4Zi .
t 1 *

4



Clculate ONT, t -e distance from

Yes ,end cap to t. checked?

SYMBOL DICTIONARY

-,AE DISTANCE FROM CENTER OF EDGE CAP TO EDGE ALONG LINE
-IN X-Z PLANE

AN DOT PRODUCT OF VECTOR FROM END CAP TO SOURCE
AND END CAP UNIT NORMAL

CVE COSINE OF VE
D-0 - PROPAGATION DIRECTION IN RCS
DHIT .D1STANC, FROM SOURQE TO NEAREST HIT POINT
DHT DISTANCE FROM SOUROE TO HIT POINT
DN DOT PRODUCT OF END CAP UNIT NORMAL AND

THE RAY PROPAGATMON DIRECTION
LHIT SET TRUE IF RAY HIT§ END CAP
MC. END CAP INDEX VARIYABLE
XD INDICATES IVHICH END CAPS ARE TO BE CHECKED
NC SIGM CHANCE VARIABLE
RHO DISTANCE FROM Z AXIS TO POINT WHERE RAY

CONNECTING THE HIT POINT AND THE ORIGIN
HITS THE CYLINDER Q2-D)

"RHOT DISTANCE FROM Z AXIS TO POINT XT
SVE SINE OF VE
VE ELL ANGLE DEFINING HIT POINT
XIS (ENTERING ROUTINE) SOURCE LOCATION

(LEAVING ROUTINE) HIT POINT (IF MDO)
XT X,Y,Z COMPONENTS OF POINT WHERE RAY HITS

END CAP PLANE

V.,
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CODE LISTING

2 SUBROUTINE CAPINT(XISDDHIT,.AD.,LHIT)

4 C!!! DOES RAI HIT END CAP?
5 C!!!
0 D)II.NSICN XIz(3),D(3VXT(3)

*7 LOGICAL LHiIT.LDEBUG,'LTEST
8 CO.WON/GE-OMEJA, B,ZC(2), SN'C(2)C,ICNC2).CTC(2)
9 COMW ONII E ST/ LDEBUG, LTE or

10 LHI'I=.FALSE.
.11 DHliT=.
12 C!!! STEP THkU END CAPS
13 DO 40' !AC=1,2

1 f-(MD2.,'E.i).AND.M'C.NE.MD) GO TO 410
15 rci
lo IF(,MC.ECL..2) NC='-I
17 AN=-XIS(I)*NC*CNCU1.C)t(XIS(3)-ZC(M~C))*NC*SNC(i.C)

1 8 DN=-N*C*CNC(MC)*D( I )+t.C*S,,CCMtC)*D(3)
l19 C!!! DOES RAY HIT END CAP PLANE?

* 20 IIF(AN*DN.GE.13.) GO TO 40
Iwo21 C!!! COMPUTE POINT XT, V14ERE RAY HIM END CAP PLANE

22 ýDO 103 N=1,3
-2-- 10 XTf(tJ)=XIS(N)-AV*D(N/D

24 RHOT,=XT(I1)*XT( 1)+X-,(21*X(T(2)N(XT(3)-ZCUA1ýfl*(XT(3)-ZC(MkC))
25 RHOT=SflkTURH0T)
26 AE=A/SNC(M'C)
27 C!!! IS HlIT PCINT GN END CAP?

02b IF(RH:Or.5r,.AE.AN*D.RHiOT.OT.EB) CO0 TO 40(
2y IHRHOT.ILT.AE.AND.kHOT.LT.B) GO TO 20i

30r VEBfTAN2(A*XT(2),B*XT(I))
CVE~cOS(V2)

* 2 SVE=5zINcV,,)
.33 RfiO=SORT (AE*AE*CVE*CVE+R*iS*SVE*SVE)
34 IF(RHOT.GT.RHFO) GO TO 40~
ý5 20 CONTI INUE
.3o C!!! CALCIJLAIE DHI, THE DISTANCE FROM SOURCE TO HIT POINT

I)HThv).
3u DO 30 N=1.3

3S9 L: DIiT=[fri7+(X-tU)-XIS(N),)*(X-I(,N)-XIS(N))
40 U)H;= 504 (.) FT) + I .E- 5
'.1 IrLI.N.DTG.HT)GO 1IO 40
42 LHlIf=.Ykl;E.
43 DHIY=LOlfl

I.4 ý(M;'.LE.0~) GO TO 40
45 DO 35 N=1,3
40 X5 IS( 'D)=Xl N
47 40 CO)N*TIRUE

Ii(NUbTET RETURN

t ~o FfO ORMATI/,' *iESTINO CAPINT SUBROUTINE-')
51 1%1?11E(o,*) XIS
5ý2 WRITE(6,*) [)

fiIT(6* 0HIT,.'0.LHIT
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CYLINT

PURPOSE

To determine if a ray travelling from a given source location
in a given direction will intersect the elliptic cylinder.

PERTI NENT GEOMETRY

K

SOURCE
A LOCATION
T 1 wS

PHSR

A

A7

T2

SOURCE

1ýPHSR

y

Figure 49b--I1lustration of ray that doesn't hit finite cylinder.
106
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ST 1 = BT(1) + BT(2)

= i BT(3) + 9 BT(4)

I}
= iXP4() +j'DP(2) + D P(3)

y I

•: A

•S SOURCE
-- • LOCAT ION" A

• P-HSR

x

S~Figure 50a--Illustration of ray that hits infinite cylinder
"• I but not finite cylinder.

ýxF{ XPM(1) + XPM(2) + XPM(3)
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Jz

-...

zz

XPM

YL

A
x x 

I
Figure 50b--Illustration of ray that hits finite cylinder.

z

SOURCE to
LOCAT'rION -"

Figure 51--Illustration of source which cannot illuminate
curved cylinder surface. RHOSRRHOE.
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L

; 1METHOD

This subroutine deemie if a ray eminating from a source
in a given direction hits the finite elliptic cylinder. First the
distance from the source to the cylinder axis is compared to the
radius of the cylinder to see if the source can illuminate the
curved surface of the cylinder as illustrated in Figure 51. If
it can not, then the subroutine checks whether the ray hits an end
cap. If it is possible to hit the curved surface, the ray is checked
to see whether or not it is aimed in the direction of the infinite
cylinder as shown in Figure 49.

If the ray travels towards the cylinder, the routine compares
dot products in order to determine if the ray will hit the infinite

cylinder:

1.rIf D.TI>T.fT 2 and D.T2 TI.T2, the ray hits the infinite cylinder
(see Figure 49a).

A^AA A AA A

c If DnTe JsTe or D-T <TgTb 2' the ray does not hit the infinite

The subroutine then solves a quadratic equation to determine
the intersection point. The details are given on pages 90-96 of
Reference 1. A test is then made as to whether or not this inter-
section point lies on or off the limits of the finite cylinder (see
Figures 50a and 50b).
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FLOW DIAGRAM

CYLINT (XSOPHSR,DNIT.LKIT,LBDF)

INPUT VARIABLES
X$ x,y t z components of source location

(Or point from which ray originates)
in RCS

0 xyz components of ray propagation
direction in RCS

PHSR phi cmponent of propagation direction
in RCS

LBOF set true if ray origin point, 7S, is not
the actual source location

OUTPUT VARIABLES
OHIT distance from source to nearest hit point
LHIT set true if ray hits cylinder or end cap

iLHT" " FALSE.

Can
source illuminate

c linder curved surface? No
compare 

radii 
> 

0
Yes

-N ray travel towards

Specify unit vectors of sourcerays tangent to cylinder (2-d)

Does
ray hit infinite

too cylindserl
(compare dot po~ducts)

110
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SI

" Calculate two hit points on
infinite cylinder and compute Nlosoceise

Edifstance from source to eachcyidr
Spe hit point cloest::?

mto source

[Is
hit point on finite No-

!Yes
Set LHIT - TRUE

Calculate OHIT. the distance
from Source to hit

"R Return

Srsy hit an

LHIT *FALSEYe

'" i Return compu --•te 041
Re nturn

[:-

• r
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SYMBOL DICTIONARY

BM PARAMETER USED IN COMPUTING HIT POINT I
BPL PARAMETER USED IN COMPUTING HIT POINT 2
BTD X AND Y COMPONENTS OF UNIT VECTORS OF SOURCE RAYS TANGENT

TO CYLINDER
CPS COSINE OF PHSR
CVE COSINE OF VE
D RAY PROPAGATION DIRECTION IN REF COORD SYS
012 DOT PRODUCT OF SOURCE VECTORS TANGENT TO THE CYLINDER

(IN X-Y PLANE)
011 DOT PRODUCT OF THE PROPAGATION DIRECTION AND TI TANGENT

UNIT VECTOR
DD2 DOT PRODUCT OF THE PROPAGATION DIRECTION AND T2 TANGENT

UNIT VECTOR
DHIT DISTANCE FROM SOURCE TO (NEAREST) HIT POINT
DM DISTANCE FROM SOURCE TO HIT POINT I
DPL DISIANCE FROM SOURCE TO HIT POINT 2
DTD DOT PRODUCT OF SOURCE VECTORS TANGENT TO THE CYLINDER (X-Y PLANE)
DXY DOT PRODUCT OF RAY FROM ORIGIN TO SOURCE AND PROPAGATION

DIRECTION (IN X-Y PLANE)
F COMPUTATIONAL VARIABLE
FG COMPUTATIONAL VARIABLE
FGH COMPUTATIONAL VARIABLE
Fm COMPUTATIONAL VARIABLE
o COMPUTATIONAL VARIABLE
GH COMPUTATIONAL VARIABLE
H COMPUTATIONAL VARIABLE
LBDF SET tRUE IF RAY ORIGIN XS IS NOT THE SOURCE LOCATION
LHIT SET TRUE IF RAY HITS CYLINDER OR END CAP
PHSR PHI COMPONENT CF PROPAGATION DIRECTION IN RCS
RHOE RADIUS FROM Z AXIS TO POINT WHERE RAY FROM ORIGIN TO SOURCE

INTERSECTS TIE CYLINDER
RHOS DISTANCE FROM SOURCE TO Z AXIS
SPS SINE OF PHSRSVE SINE OF VE

TOP COMPUTATIONAL VARIABLE
TXI X COMPONTNT OF TPNGENT UNIT VECTOR, TI
TX2 X COMPONENT OF TPNGEIIT UNIT VECTOR, T2
TYI Y COMPONENT OF TANGENT UNIT VECTOR, TI
TY2 Y COMPONENT OF TANGENT UNIT VECTOR, T2
VE ELL ANGLE OF SOURCE LOCATION IN ERCS
VM ELL ANGLE DEFINING "IT POINT I ON CYLINDER IN ERCS
VPL EL. ANGLE DEFINING HIT POINT 2 ON CYLINDER IN ERCS
VT ELL ANGLE DEFINING HIT POINT ON CYLINDER

CLOSEST TO SOURCE
VTI NOT USED
XPM USED IN SEVERAL CASES TO DEFINE HIT POINT
YPM (XY,Z COMPONENTS IN RCS) ON CYLINDER
ZPk (USED IN VARIOUS FORNSI
Ks SOURCE LOCATION (OR POINT FROM WHICH RAY ORIGINATES) IN RCS

112
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CODE LISTING

2 SUi3HOUTIV1E CYLI NT( XS,.0 PHSR. DHJT,L!fI I.LBDF)
Cu!!
4CI!! DOES WAY HIT CYLINDER?
ScIll

C DIMENSI(UN D(.3),XS(3),VTD(2).BTD(4)
LOGICAL LHIT.LEOF,LPLA.LCYL.I.DEBLr).t TE-ST

b COMM 014/OjEOMEL/A, B,ZC (2), SNC(2)CK,CN(26 CTC(2)
9 COMMOPI/PIS/PITPI .DPR,RPD
10 COUMON/CNfl[SCL/DTS,VTS(2) ,BTS(4)

.11 COMrAON/LPLCY/LPLA*LCYL
12 COIIMON/lEST/11)EBUGLTEST
13 UIIT=.FALSE.
14 DHIT=IO.
It) IF(.NOT.LCYL) GO TO 507

10 RHOSS50h'(XS(I)*XS(l )-XS(2)*XS(2')
17 CiI! CAN SOUkCE ILLUMINATE CYLIINPER SURFACE?

Ii I(WI S. .T.A.AUID.RHHOS.GT.3) Gr TO 5
19 Ii:(RHOS.LT.A.Al:D.RHOS.LT.B) (3O TO 20
20VEaliTAN2(A*XS(2).J3*XS( )

21 CVE=CUS(VIF)
2ý SVEuSXNCVE)

2.3 RH1OE=SQkT(A*A*CVE*CVE,8*91*SVE*SVF)
24 IF(RHOS.LE.Rd4OE) GO TO 30
2b b CONTVICE!"20, CZCUSC PF(Sil)
27. SPSZSIIIPHSR)
2b !IXY-XS( I).CPS+XSC2)*S?)S
2ýo L!! DUES tt~ TRAVEL TO~'ARDS CYLINDER?

SC!!! (CHECK SIGN: OF DOT PROfrtXT OF PRiCP. DOR AND
-1l C!!! SOURCE~ L0CA*;1U.I VECTCRI)

r~t~.G1..)GO TO 541
.33 IF(L:IUW2 GO To 1ýI .~4 Cl!! SPECIIFY CYLIWER 7?G2I ~J!'IT VECTORS

jl TYlu175(2)

GOýCA TO 2V:

4'1 D12.Z310

TYIHTDC21J

4.1

SCif II PARIL XJO 4%T XTER-1 :F ,.#y ul'
#INFI. 4CLT.U!.1 .i2 GO 'O!

L-.012 00 0
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0) ClItI FROM SOURCE 10 kACH P01INT
08 VN~BTAN2(TOP ,OM)

XPMEsA*COSCVPL)[
io YPM~B*SIl( VPL)
it DPLASQRT((XPI4-XS(I ))**2.(YPN-XS(2))**2)
#2 XP~uA*COS(VM)
73 yPxUB*SI11(vM)
j4 DM-saRT((XP14-XSc I))**2*(YPM(-XSC2))**2)

75 CiII SPECIFY HIT POINT CLOSEST TO SOUR~CE
06 VT*VIA

717 IF(DPL.LE.DM) VTuVPL
78 XPMsA*CCSC VT)

80 ZPSSZPM+XS(3)
81 CIII IS HIT POI14T ON FINITE CYLINDER?
82 IF(ZPS*GT.ZC(I ).XPU*CTC( I).OR.
83 2ZPS.LT.7C(2)+XPM'CTC(2)) GO TO 40
84 XPmuXPM~XS( I)

85 YPM4u8*SIN(VT)-XS(2)
86 ClItI CALCULAIE DISTANCE FROM SOURCE TO MIT
87 DtIITuS~wT( XPUhXPM.YPU*YPR.ZPM*ZPU' .i.E-5
h8 LHIT=.TNUE.

ev GO TO 50
vo' CONTINUE

91 C1I1 IF SOURCE CAUNOT ILLUUINATE CYLINDER SIDES, IS 6CJRCE I
io2 CilI INSIDE CYLINDER?

iv W (XS(3).GT.(ZCCI).XS(I)*CTCCI)1)) 00 TO 40
94 IF(XS(3).LT.(ZC(2).XS(I'*CTCC2).)) 0O TO 40
V6 LHITu.TNUE.I

~bCill tt RAY IS NOT SH#OiaKH) BY CYLIIMER, CHECK TO SEE IF DAY
ioi CiII HITS ENO) CAP
Ice CALL. CAPIUT(XS,D,DHtT.,OLHIT)
1I0I wI II(.NOT.LTEST) RETURN
102 tIRITMt,904)
10j IWO8 FORMAT(/,* TESTING CYLINT SUBROUTINE')
104 KRITE(6,*) XS
ILJ (i NITE(6,*) D

8ao hRITE(6,.) Pt4SkW4ITwLl4ITLDWI
1w$ END
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OFI'TCLPURPOSETo determine the four diffraction points which cani occur on
a cylinder end cap riml for a given r,ýdiation direction D^

D

AD

DD

*%~-ODIFFRACTtON POINdTS

SOURCE O I
LOCATION

Figure 52-- Curved wedge diffraction points on rim of Wnv ý.ap
of finite elliptic cylinder.

K1 THOD

An t-ighth order polynomial equation is used to solve for v i gt
possible points on the end cap ric, that can be diffraction points.
These points -are def ined tty illiptic angles io V* local elliptic
coordinate system for the end cap The points are next integerized
atw sorted to rmv~e duplicate points. The accuracy of the possibW

1. own""



diffraction points are then improved by a first order Taylor series
interpolation scheme. The.details are given on pages 125-127 of
Reference 1.* The two to four correct diffract ion points are veri-
filed by checking to see which of the remaining points satisfyji
the laws of diffraction.

FLOW DIAGRAM I

KC ada hrs diffraction occurs

OUI CEJT Y$ARILES
VelliLtica? wnqts defintal -2ow diffraction

point$ aft am CIO rim

Set up 9s1'u 1 qtattoft.
the roots ofuIch W too

diffraction points

Solve oolynoal a)gMattfe

£"#I toM lit 14t

116



Perform, calculations to
improve accuracy of root

Calculate £950. tnC difference indot products of the edge vector
aid lnctfet And dfffract.ad

un~it YeCtors

Il.1fracte':- ry I1fy IJU a

di~fratte~n

1107



SYMBOL DICTIONARY
"AE HALF LENGTH OF END CAP (HALF LENGTH OF LINE CREATED

BY INTERSECTION OF END CAP AND XZ PLANE)
C COSINE OF VR
cc POLYNOMIAL EQ. COEFFICIENTS
CV COMPUTATIONAL VARIABLE
-D4 COMPUTATIONAL VARIABLE
DO COMPUTATIONAL VARIABLE
DEEX I
DEEY X,Y,Z COMPONENTS OF VECTOR FROM DIFFRACTION
DEEZ POINT TO CENTER OF END CAP IN RCS
DEL TEST VARIABLE
DENI MAGNITUDE OF UNNORMALIZED EDGE UNIT VECTOR
DEN2 DISTANCE FROM SOURCE TO IMPROVED DIFFRACTION POINT
DEN3 LENGTH OF INCIDENT RAY VECTOR
DEN5 COMPUTATIONAL VARIABLE
DM X,Y,Z COMPONENTS OF UNIT VECTOR OF PROPAGATION

DIRECTION IN EIND CAP COORDINATE SYSTEM
DOTO) DOT PRODUCT OF EDGE VECTOR AND INCIDENT RAY
DOT02 DOT PRODUCT OF EDGE VECTOR AND DIFFRACTED RAY
oDSSX 7
DSSY X,Y,Z COMPONENTS OF VECTOR TANGENT TO DIFFRACTION POINT
DSSZ IN END CAP PLANE IN RCS
DV CHANGE IN ELL ANGLE V CALCULATED TO IMPROVE

ACCURACY OF DIFFRACTION POINT
-EX 7EESY X,Y,Z COMPONENTS OF RAY TANGENT TO DIFFRACTION
E--Z POINT IN RCS
EPSO DIFFERENCE IN DOTMi AND D('0T2 (ERROR TEST

VARIABLE)
E•CS (NOR A VARIABLE) ABBR. FOR ELLIPTICAL REFERENCE

COORDINATE SYSTEM

EYw X,Y,Z COMPONENTS OF NORMALIZED EDGE UNIT VECTOREZO IN RCS
DO LOOP VARIABLE

IDEL TEST VARIABLE"IV ELL ANGLES DEFINING PERMISSABLE DIFFRACTION POINTS
IN ERCS (IN DEGREES, ROUNDED OFF TO NEAREST INTEGER)

"" ELL ANGLE DEFINING DIFFRACTION POINT IN ERCS IN DEG.
IK DO LOOP VARIABLE
N INDEX VARIABLE (ALSO NUMBER OF PERIAISSABLE

ROOTS)
NC END CAP WHERE DIFFRACTION OCCURS
NLC SIGN CHANGE VARIABLE
P POLYNOMIAL EQ. VARIABLE
0 POLYNOMIAL EQ. VARIABLE
OC COMPLEX CONJ. OF 0
R POLYNOMIAL EQ. VARIABLE
RC COMPLEX CONJ. OF R
ROOT ROOTS OF POLYNOMIAL EQ RETURNED FROM SUB. POLYRT
S SINE OF ELL ANGLE V (ALSO POLY. EQ. VARIABLE)
SSX
SSY X,Y,Z COMPONENTS OF VECTOR INCIDENT ON EDGE
SSZJ IN RCS
SXQ 1
SYO X,Y,Z COMPONENTS OF UNIT VECTOR OF
SZO3 PROPAGATION DIRECTION OF INCIDENT RAY IN RCS
V ELL ANGLES DEFINING DIFFRACTION POINTS IN ERCS
Va ELL ANGLE DEFINING DIFFRACTION POINT (IMPROVED

ACCURACY)
VR ELL ANGLE DEFINING DIFFRACTION POINT
VT ELI, ANGLE DEFINING DIFFRACTION POINT (IMPROVED
X ACCURACY) IN DEOREESS~xsM'l
ySm, X,Y,Z COMPONENTS OF SOURCE LOCATION IN
ZSM) END CAP COORDINATE SYSTEM
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CODE LISTING

2 5U~~HOUTINE DFPTCL(V.NC)

4C!!! DETERMINES THE DIFFRACTION POINT ON TltE CURVED
b C!!! EDGE OF ThiE ELLIPTIC CYLINDER END CAP
o C!!!

COMPLEX CC(9),IOOTC8).CV.OQC,R,RC
b IMENSION IV(8).V(4).L)Y(.3)

COMM'OJN/OEOM~EL/AB 1ZC(2).SIJC(2),C.NC(2).CTC(2)
16 COMAiON/ZORINF/XS(3),VXS(3,3)
U COMMUNi/PIS/PI,TPI,DPJR,RPD

12 COMMON/DIIUD(3),THSR,PHS$R,SPS,CPS.ST-HS,CTHS
1.3 NCC=NC

15 DO 10 I=1.8

* ~~17 IF(1.E.)= V(30 -?~

18 .10 CONTINUE
I'?y 014(1)RSNC(NC)*D( I)4CNC(N',C)*D)(3)

21 D2M(3)=-CNC(NC)*P(1 )+SNC(NC)*D(3)
22 XS~r~lzIC(Nlc)*>XS(l )+CNC(t4c)*(XS(3')-ZCQ-,C))
23a YSII=XS(2)
24 ZSM=CNC(NC)*XS( Il+SPC(NC)*(XS(3)-Z-C(C:C))
25 AE=A/FNC(NC)
2c C!I! SET UP P)CLYIJCMIAL EOUATION

21 P=AE*AE-B*B
28 13A=0.jB.L..EV p~

2y QCM.PLX(AE*XZY,-6*YS1)9
w c=CoNJC,(o)

31 H=CMPLX(I:-*D,','(2),AE*0Ml( I)
32 RC=CONJO(ik)

S=AE*AE+5*R+2.* CXSM!*XSIA+YSL'*YSP+Z S1*ZSM)
34 CC(9)=P%(P+I?*if

.5 CC(8)=-4.*C*(P+fl*R)
30 CC(7)=2.*(2.*O*O+S*R*R+P*f?*RC)

CC(6)=4.*(OC*(P-P*.i)-2.*O*R*RC)
T 8 CC(5)=CkPLX(;, .0.)

CC(5)=CC(5)+P*(R*R+RlC*RC)-2.*(P*P+A.*'*O)C),4.*S*fl*RC
A. CC(.4)=CCNJG(CC(6))

41 CC(3)=CCNJGCCC(7)ý
-- 42 CC(2)=CU:JG(cC(8))

4C C( I) =CGNJ G(c CC ) )
* 4 C!!! SOLVE POLYNIOMIAL EQUATION

45 CALL POLYRT~b,CCROOT)
46 N=
4-1 C!!! STEP THlkU ROGf S1.48 D)O 2 GO I= I o8
49 C!U! CHECK TU SEE IF ROOT IS VALID

tH MwEAbS( koOTICI))
t)I IF(R..LT.$.1) GO TO 2003
b2 CV=DPH?*CMPLX(O..-l.)*CL0O(ROOT(l))
53 VT=ABS(I.-W0I

134 IFC(VT.Gh01.0.1) GO TO 200
Sb IF(UEAL(CV).Ui.0.) Jz:REAL(CV)+.5
S~o IF(,PEAL(CV).L.T.0.) J=REAL(CV)-.5
57 IF(J.LT.0) J=J+360
5b IF(J.GE.6o)) J=J-360

5 IF(N.EO.0) G(- TO 151
00 DO 150 K=IN
efl IDEL=IALS(J-IV(K))

02k! I! IS HOOT UNIQ'UL? IF 50 ADD TO LIST OF PERM!ISSABLE ROOTS
0: Il-(IDELL.LE.I.OR.IrOEL.GE.359) GO TO 2PV

04 itiO CONTINUE

IV (N)=
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S200 CONTINUE
08 IF(N.EQO.) GO TO 3031L

0, J-0
10 Cill STEP THkU PERMISSABLE ROOTS
71 DO 300 Iw1,N
72 CIII PERFORM CALCULATION TO IMPROVE ACCURACY OF ROOT
73 VR=IV(I)*RPD

14 SmSIN(Vk)
15 C"COS(VR)

7o DSSXu-A* S
.4 DSSY=B*C
a tSSZ=-A*CTC(NC)*S 1.
8) DEEY--B*S

81 DEEZ--A*CTC( NC )*C
82 SSXaA*C-XSN(

8. SSY=B*S-SM
84 SSZ=A*CI'C(NC)*C-XS(3),ZC(NC)
8b DEN3-SQRT( SSX*SSX.SSY*SSY+SSZ*SSZ)
so EEX-DSSX

81 EEY=DSSY

89 DD-(EEX*SSX+EEY*SSY+EEZ*SSZ)/DEN3
Wk DEN5=DEN3*( EEX*DM( 1)+EEY*DM(2)+EEZ*D!A( 3) )-EEX*SSX-EEY*SSY-EEZ*SSZ

93 D4zEEX*DSSX+EEY*DSSY+EEZ*D$'SZ+DEEX*SS'A+DEEY*SSY*D)EEZ*SSZ
92 D4wD4-JEN*(DEEX*DM( I )+EEY*DM(2 ),EEZ*DM(3))

92 D4=D4-DDN*(DEEX*DM( I)+DEEY*lM (2 )+DEEZ*D.M(3)
DV=t)EN5*DPR/D4

yb IF(ABS(DV).GT.2.) GO TO 300
so VT=IV(I)+DV 1

VO=VT*RPD
S18 !=SI N(VC)
'f9 C=COS(VQ)
loo~ DEN IA*A*S*S+B*B*C*C+A*A*S*S*CTC(NC)*CTC(NC)

*1 301 DENI=S03hT(DENl)t
10)2 DEN2-(A*C-XSM)*(A*C-XSM),(B*S-YSM)*(B*S-YSM)
1(63 D)EN2=SOkT(DEN2+(A*CTC(NC)*C-XS(3)+ZC(tIC))
10&4 2*(A*CTC(NC)*C-XS(3)+ZCCNCf))
105~ EXQ=-A*b/DEN I
106 EYO=B*C/DENI

I ) EZQ=-A*CIC(NC)*S/DEN1
I (di8 SXO- ( A*C-XSM )/DEN2
109 SYQ=(B*S-YSM)/DEN2
110 SZQ=(A*CTC(NC)*C-XS(3)+ZC(?1C))/DEN2
333l CIII CALCULAIE EP,'-, THE DIFFERENCE IN DOT PRODUCTS OF THE EDGE
112 CIII VECTOR AND INC. AND DIP. PROPAGATION UNIT VECTORS
I3I33 DOTOI-SXQ*EXQ+SYO*EYO4.SZO*EZO
114 DOT(2=DM(1 )*EXO+DM(2)*EYO.DM(3)*EZO

116C11 DPO IC.ADODIF.T RAYS SATISFY LAW OF DIFFRACTION (EPSOO0)
117 IF(ABS(EPS0).GT.l.E-3) GO TO 300
338 IF(VT.GE.360.) VT-VT-3604.
I3 I i(VT.L.T.O.) VTn360.eVT
120 IF(.J.EO.0) GO TO 289
121 DO 288 KwI,J
122 DEL-ABS(VT-V(K))
323 C111 IS THE kOOT UNIQUE? IF SO, ADD TO LIST OF CORRECT ROMT
124 IF(DEL.LT.0.5.OR.DEL.GT.359.5) GO TO 3~001
125 288 CONTINUE
12o 2b(. JuJ+3
127 V(J)uVT
12b %00 CONTINUE
12Y o3l3 RETURN

133o END
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DFPTWD

PURPOSE

To determine the diffraction point along the line tangent to edge
ýE of plate MP for given source location YS- and diffracted ray direction

PERTINENT GEOMETRY

SOURCECORNER ME

LOCATION 7
I..Y E S P

SDVI S co.0

VP

SDIFFRACTION POI NT

Ao

PLATE MP

j Figure 53--Geometry used in defining diffraction point on plate edge.

METHOD

The~dlffraction point is found using similar triangles. Since
Cosa 0 = D*V is known, then

7 ~+ (S coo8 A

A A A

=x XS(1 + y XS(2) + z XS(3)
A A

TD = x XD(1) + y XD(2) + z XD(3
A

7 = x X(14P,ME,1) + y X(t4P,14E,2) + z X(MP,ME,3)

D = xD(1) +y 0(2) + zD(3)



FLOW DIAGRAM I
OFPTWD (XSoVVIoSPXDM.MP)

INUT VARIABLES
XS x,Y,z components of source location

in RCS
ov cosine of 8
ME edge where siffraction occursMP plate where diffraction occurs

OUTPUT VAR IABLES
VI x,y,z components of unit vector of

incident ray
SP distance from source to diffraction

point
XD x,y,z components of diffraction

point location

Take dot products in order to find S,
the perpendicular distance from

the source to edge ME

f 7iuiate diffraction point If 1

Calculate inciden t ray unit vecto

Calculate SP, the distance from the sourceI to the diffraction point

SYMBOL DICTIONARY

CTb COTANGENT OF BETA
DV COSINE OF BETA
NE EDGE WHERE DIFFRACTION OCCURS
VQ PLATE NHERE DIFFPACTION OCCURS
N DO LOOP VARIABLE
P DOT PRODUCT OF EDWE VECTOR AND VECTOR FROM CORNER

ME TO SOURCE
S PERPENDICULAR DISTANCE FROM SOURCE TO EDGE NE
SP DI SIANCE FROM SOURCE TO DI FFRACT ION POINT
"Sx VARIABLE USED TO CALCULATE S
V1 INCIDENT RA) UNIT VECTOR
X0 LOCATION OF DIFFRACTION POINT
xS SOURCE LOCATION

122

i'4



CODE LISTING

2 SUBROUTINE DFPTWD(XS,DV,V1,SP,XD,14E,MP)
-clif

4Cil! DETERMINATION OF THE DIFFRACTION POINT

0 DIMENSILN XS(3),XD(3),VI(3)
COMMONl/GEOPLA/X( 14,6.3),VC ?4,6,3),VP(14,6,3),VNUS4,3)

8 2,NEP(14),MPX
9 CTBxgDV/SORT( I.-DV*DV)
1k) P-0).
11 DO 10) NaI,3
12 3k0 P=P+.XSN)-X(MP,IE,N))*VCNp.1AE.N)
13 Sao.

1; DO 20) NwI,3
15 SX=XS(N)-X(MP,MEN)-P*V(MP.ME.N)

10 20) S=S+SX*SX
I, S=SORT(S)

18 DO 30 N-1.3
19 -'o XD(Ni)-X(MIP,ME,N)+(S*CTB+P)*V(MAP,MEN)

20 SP=V.
21 DO 40~ Nz 1 3
22 VI(N)=XD(tl)-.\SCN)
2.3 4o SP=$P+VI(N)*VI(N)
24 SP=SOlRTCSP)
25 00 50) N=1,3
26 bi) VI(N)-VICU)/SP

4RETURN

2 , END
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DFRFPT

PURPOSE

To determine the ray path for a source ray which is diffracted
off of a given edge on a given plate and then reflected in a e~iven
direction by the cylinder.

PERTINENT GEOMETRY

z

A
:D 0

PON

LOCATION

Figure 54--Ray diffracted by plate and then reflected
by the cylinder.
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METHOD

The diffraction point on a plate edge and the reflection point
on un elliptic cylinder for a diffracted-reflected ray in a given

,I observation direction are calculated via an iterative process. The
equations are based on a first order Taylor series approximation to
the equations governing the laws of reflection and diffraction. The
details of the analysis are given on pages 155-161 of Reference 1.
The iteration process follows the same basic scheme outlined in the
write up for subroutine RFPTCL. The initial stdrt up procedure for
this subroutine is composed of defining a known reflection point which

Sis taken to be on the rim of the finite cylinder closest to the plate
edge under consideration and then determining the corresponding dif-
fraction point on the plate edge. The details of this procedure are
discussed on paces 161-163 of Reference 1.

I
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FLOW DIAGRAM

WMPTORX

119WT VAMUMES
WP mumer of plate ftgre diffraction occurs
HE edge an plate NP Were diffraction occurs
LMRC set true if starting point data exists

fron previous pattern angle

OUTPUT VARA8LES
WI elliptical angle defining reflection

point on cylinder (2-d)
X2 z.Y.Z cuponens of ref lection point

location on cylinder
COIP test variable use to insure reflection

WAS computed poel
S04 nagnitude of umm l ted cylinder mom],a
VIN distance f rom diffraction point to reflection

point
of ray Incident *a cylinder in ACS

X0ID .Z. components of diffraction point
location

VSON distance from the source to the diffraction
point

VSD %.Y~t componettts of ormpaation direction
of source ray Incident am diffraction
point

01 dot product of Incident ray prooagtioft
direction and unit edge vector *f edgeME

LW.C set trte If starting iftformation exists
for neat pattern angle

Woe - LORC is used both as emInput .-arfable and
in output variable

Paebranh cilt ehmOClie d -.

ttartlgb'0 t da-ta available .

so

ItI
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p777 1554161, Reeene

Step tftroug angles

of diffractfam

O wttin. tcs, so!uttaft 00st c oSCIY
$4004%te Vl~ 1"i * diffetr On

cwcute diffrictleft DOMA%

T#t , Ititmw l

% w

sot__ _ _ _go_ too__ _ _ _

JO

010a0



- [

SYMBOL DICTIONARY

M..E DOT PRODUCT OF RAY FROM CORNER OF EDGE NE
"TO SOURCE AND EDGE UNIT VECTO0

, upb PHI ANGLE INCEIEXENT SIZE
JDR kEFLECTED RAI PROPAGATION DI RECTION
UIP X,Y CUMPONENTS OF PHI POLARIZATION UNIT VECTOR

FOR FIELD REFLECTED FROP CYLINDER IN RCS I
•WI XYZ COMPOIEENTS OF THETA POLARIZATION UNIT

VEC'IOW FOR FIELD kEFLECTED FROM CYLINDER
D'IbH THEIA ANGLE INCREL'ENT SIZE
UU .HAhGE IN UN FOR ONE ITERAT!VON USING TAYLOR SERIES EXPANSION
uV CHANGE 13 Vi FOR ONE ITZrIATION USING TAYLOR SERIES EXOANSION
tRG ENRti DETECTION VARIABLE
F1 EQUATION GOVERNING TilE LAW OF REFLECTION
FP PAIf IAL DERIVATIVE OF F1 WITH RESPECT TO PHI
F' PAiTIAL DERIVATIVE OF Ft WITHf RESPECT TO TFETA
aU PARTIAL nERIVATIVE OF F1 WITH ildSPcCT TO UR
ieV PARITIAL DERIVATIVE OF Ft WITH RIESPECT TO Vii
131 E1UITIOI GOVERNINI THE LAW OF EFLECIlION
U-P PARifAL DERIVATIVE OF GI WITH RESPECT TO PHI
01 .PAkTIAL DERIVATIVE OF 01 WITH RESPEC7 TO THETA
cJU PARTIAL D)ERIVATIVE OF 01 WITH RESPFCT TO 11 A
-V PARTIAL DERIVATIVE OF GI WITH RESPECT TO VR
I vo .U•bEk OF SIEPS LSED IR4 ITERATIO4
LLt) SET ThUE IF 1-¶ARIIG POI?.7 DATA IS AVAILA14LE

FROW PNEVIO,•S PATTERN* ANGLE
PfI~ PHI COMPONEtT OF REFLECTED RPY DIREC11O(N
.ltii Ifl COMPONEiT OF REFLECTED RAY DIRECTIO1I

FWOL' PREVIOUS TIRdE DFRFPT nAS CALLED (OR
PRES•ENT VALLE FOR NEXT TIME ROUTINE IS CALLED)

PHIkYP PHI ANGLI.E OF kFLECTEOf RAY DIRECTION IN
JTAWIED WCS SYSTER (B&At1CH CUtr PLACED

KEHINU CYL)
PHiSPt PHI ANGLE O• REFLECTED WAY DIRECTION i

UOTATED icS 5YSTLV (a•iiAUC CUT PLACED tEPI1t
CYLIWER4). iP PARVAL DERIVATI!VE OF SNX WITH RESPECT TO VR

S•l•,Spl PART~IAL Of!tiVATIVE CF SNiY MIRT I#FSPECT TO VRl"
Si!-X X AND; Y Ct*PUNEN•:TS OF NORMAL TO CYLIN•DER•

s , : f•tEk OF SEPS SED IN ITEMATION
jHLMu TIIERIi COlwPO?,T CF ikFLECTEt3 RAY ORIECTIC-f
1)" TKIA 1LWPONEn CF AEFLECTEn R0Y DIORECTIOP FPKO

ý'R&IOUS Ti4E RFbPT OAS CALLED (0$ FOR
NElT T WIIE NiJINE IS CALLEM)

C..Z or-sT C SiAR I-C i.aiECTtCN P~jIT
L~C2OUU~CYL$?KEP

VI W41 ~V~tU$! Oil IlIDENT kAY Ch CYLINDERvif VAllIAv,. AL P VATI C= 1, t"l REPECT TO -i3
wtv PAW'&IAL MIVATIli OF Vt IV-14 RESPECT TO V9
V606 ELL A0MLE •kFDINi,-• SITA1iTING fELECTIO!I

Pifl!Ik ON CYLINVEE
ViSj slylz ctT4OkbENTs aF P O1Art" VECTOR& Of goY

-- I*Y.. C•C4NWEPS CF 0' PRAC• rk POiNT LOWATI
AIp POWI#. AWL LtW, 0lIAI" TN-1CH EDGE hf

cf_"6bT TO~ MA~CE
X.s COSM ITS e- iiL Im

AlNA pAwlNtIAtV VVIVATitf OF w aI7P a .-VLý-rT to OR
"v ~ WMI!L IVA11*4 OF 14 41111 Suc 4 ' To J~u

128&il I'+T+i~• l~tillf i+ ltiltii••,ill I0 il ,r
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4 CODME LISTING -

2 SUBUtOITIIWrVE Tv.RnT~sLVMV~ovwVfL ~2,DE,MELPLDhC)
~ Li! UEEUMIES RIA~AY PATH4 Fill P CIFFRAaIOnf FUW' A PAT THEN

cl 1I! A REFLECTION $IUW AN ELLIPTIC CYLUIVER,

I' 'ILENSIIA' XPC3), Xli(3),XU2'(3) ,XieV(3),XX.U(3),XD(3)

12 LOGt CAL ID1jO

I . CUOZ.W~l; I s/r) (3) .T;lfSk. 4R'fSuPHS,CPHS, SFt-S .011S

h. 2,L.UC(I'-.0019C C 1406,4),I3IJCWdto,2)

2i Cuý&*0O./pI$/PITPfDPR,RPT1

PA- ':.I,

I- ;c ST 114Ic Pal: DAT AVIA IRO IR IO

-~~~It rL'C -T0 IO4
C~45PU¼Fp t~ j fl PCyof

5691 sley t~ t i~

iiL~~lk,
tau



0o0 III UOIPUTJ DI1E DI FPIAO'IION Mil) AE$LECTIOII POUITS.
wh 0II1 STEIP THIsU AUGLES

DO 5)0 15) -I fluVDIW l-l*)
Sb' PCfi.PTKU(P,t$E~ I V- I W)*DSU

j CPCSCCIt(PICR)

CTCS-COS(TIIChiJ
7 z STCbsSIl:(TIICR)

fldRl)CPCS*5TC5
r~taZ)SSPCS'5TCS

7$ pI,(3)sCTCS

bL PwP(Z)ECPCS*STCS
61 UHTCI)eCPCS*LTCS
U2 tBUTt2)-spcs'arcs

DOTiaI3)J)-STCS
CSVacosC W)

bb SIIY.A-*Stlv

s ) ,HX(l)*A*SCV
XI(2)uO*SZJV

XkV( I )-A*S?!V
X4V(2)SE'CSV

XRU(1)ut'.

U!!II SOLVE OIJMADkAIC EQDUATION TO OBTAIN D0IT PROOBICT
SC1I1 OF VECTCkS, SATIS;YING LPAt OF DIFFRAC!ON

Ss$pqw.

tk II *TWiuAti. 1JW11 SCL1ihII IOST CLOSELY SATISFLES
111J~ THE LAU Ci ~N14tA*TICt

DISAI-Lri*Cfl/
I I A "k AI9S*C)Z/

lic Cjv*-SWWNtXV.

%aml let Ii -1stt .

'~ tlt g~'~ tt~kaI~ &130l



I li-l l~ I .1)Go 10 15

I J ~IFCJICIV1.L1.2) GO TC 14
1:bIt, COVIII UF

I..C!! cf~iY SERIES ýXPANSION TO DEFIN!E OV A.l rU

],.L, CXiivr C\-.tV(l)*ViCH(+XRV(2)*VI(2)4.XflV(3)*VI(3))/VIlI

I' '.* CXrUrl=,ýtJ!( 1)*Vl(NP)i2, I )+XRIJ2)*VRI(:.¶pIr.2 ),xVuc*veP

r[0 12 .= I1

V VI V C. )=~,\-:V C, )-VI V(!)*V C4P, ?!E.i) I
VI TC )=ý'c I!L*(I .*+CCI V/( I .-cr.Iv )) /sOriT( I .-CC..'V)

1 12 VI!JIC) =x'.(!'C)-VI:C( 1) *V "if)M,l

X-A V I*2) +fIX*V I V I2)-SNPY*V Il C )*S-lY*VIV(2))*

I i(S*P2 ,-:Y*PN (I )* ~!XVIU 1 ~YvU(
;: s:;x* 'v I )+~f~f( I) +5,);*V(2S)IX*VI(2 ?-SX*VI (2)S!YI P

FV=Fv=:.3*( <V(2 1+SPX*V! VC 2) S!PY*VtIC2)+slY*V IV(2I))
Id~ ~~ (:!\4X *i(~)(:p*( I )+V1PY*iX (2)

GL'=CJ)(2 Xv~II)S1YS *VU lV I U( I) +Z'*V 11; 2)R)+SYRC)
rY=( ~Xwt! Cl )iS!IY*V! (2)*SNX*V IPC2)5if'Y*D I( I ))+

2(s01*V(2)-::- v(I)*(SPrR(I)SN*!RPYC1) ) Y*kP2)
IC2 /-pPVV;()(s:;x*DR(Sl*r I ),S4Y*,nR(2 ))

FI=' z::xVv N I)SY*I )+H*I(2 ) *(SIXUfl )2 )-U *DrR( II +I:~)(2
1 ?(S.0.( I)+ S!IY*VR(2 ) *(SfiX*VI, (2)-SMY*DR (1+

jt:X*V 1 ( ) S3t:Y*VI ( 2 I )5X!R )+Vi( 3)*UDXDP I.SY (2

171 .-,E=F JLV -Fli*6;U

L4J=( Cuv 5 IG)+(FV*(;P-(6V*FP)*flPSkI.FV*ri-k*fl7Sr/nET
c,' ,.I M CU.'!;!E ';Ei; i1rLECTIONI POINT ON CYLLINI)R

c.) I :!UE
I 'i L!! TIL-T TO SEE IF CO~.VIUlED FCATTEk POINT7 SATISFY
I~ HO LAoIE OF !J[FFýACTICNI Ar~r Rcl:LECTION
161 (5.'*SN+S!y*S*'~y)

184 CO 2,A , i,

I! 2o) VI I= IVL I ,.)/V P.

I klSA;Cl *v I C I )+ S!Y*VI C2)

i -P Fi * 'C I -SH AjC)

u 2 .! !1r- ..Jjt~jý I S VridY SM.ALL, CU- NU"BER 00o1 T FM AT IONS
i I L! N; I~r-: r N FXT TP.IE UOUTPWE IS CALI.E1)

f~. I r (1;f*L,.l 0,~ A) TC' PO
.. ,C! ! I- ! 2( .0 !'.I , DOUPL.E !MU'1PFRI OP I NCRE FMIE'ITS
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IS9 F(IVD(MPME)IýGE.32) GO TO 70
2 f 0 1V D (MPA-SE) Z*I VD 41P, YE

20) 1 00TO w
.,202 0 CONTINJUE
203 - vk1TE(co, ) PHJSaHSR.A,MPSQI-vRURERCA.ERCP
104 1 FORIAAT('* EIROR INWDFRFPT- '4H?2Fl..,2I5,4Fi2.6) .

2(05 LDRCP.FAL3F.
206 RETURN

20 0 CONTINUE
'20~8 1 F(ERC. GE. 0.W I GO TO 90

209 F(lVII(?P,V.~E).E0,l) GO TO 90
21V I V0(MP, 1,E) =IVD(M P. ME /2
21 II ; CONTINUE
212 CHI! STOkE PARAMETERS FOR' NEXT"TIME DFRFPT IS CALLED
213 VkO CKP, IV =VRL
214 UkO0AP,M9)-UR
21b PH0R0!P-,?!E)*bPHSR
216 PHOR P 0P,MtE) =PHS PR~L
211~ TfHOR(;AP,A{E)uTHSR
218 lF(.XOT.LD9C): IVD(?IP4AE)uI
2 Hy LDRC-.TRdJE.
220) REETURN
2-21 END
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DT

PURPOSE

To calculate the incident part or the reflection part of the
wedge diffraction coefficient or the corner diffraction coefficient.

METHOD

This subroutine computes either the incident part or the reflec-
tion part of the wedge or corner diffraction coefficient. The uniform
Geometrical Theory of Diffraction[41 has been used to derive these
terms. For wedge diffraction the coefficient is given as

--: ~ _e-j t/4 { (
DI(R,3, sinPo,n) .. s. t ( F[kRa+(B)]•" [ "2nj2-, sin~o fcot -

w =�+ cot F~kRa(8)],

wrV', for the incident casew+er', for the reflection case,
++

a'(0) = 2 cos" 2 4

in which N- are the integers which most nearly satisfy the equations

2wnN+-($) =

2IrnN'-(B) = -n,

F(x) is the transition function,
and

n is the wedge number (.FN).

For the corner diffracted term (LOG=.TRUE.), the coefficient is given
as [91:

Di(R,0,sinaon,R) = j7r/4 -ot F~kRa+(6)]

2nf2Tfk sin 0o f

x F [kRca'(a+o I+ cot( ) FfkRa(B)] F [Ra( L ,

where Rc is the corner distance parameter and 0 is the theta type
angle measured from the corner. An illustration of the geometry is
given in Figure 55.

133

I,



FLOW DIAGRAM

DI(OIR,R,BETS9O,FNDELL.LOG)

INPUT VARIABLES

R distance parameter
SET PH+PHP or PH-PHP
SBO sine of 0
FN wedge ange number
BELL part of argument for the corner tran-

sition function correction term
LOG a logical variable set true if the corner

diffraction coefficient is to be computed

OUTPUT VAR IABLE
DIR incident or reflection part of diffraction

coefficient[L
Compute N4+ part of diffracto
coefficient L
Comute N-part of diffraction
coefficient

R eturn

SYMBOL DICTIONARY

A ANGULAR FUNCTION FOR TRANSITION FUNCTION
ANG BET IN RADIANS
BUTt ARGUMENT OF TRANSITION FUNCTION
C REAL PART OF FRESNEL INTEGRAL
COM CONSTANT FOR DIFFRACTION COEFFICIENT
COTA COTANGENT TIMES THE SQUARE ROOT OF THE A FUNCTION
DEL CORNER PART OF ARGUMENT FOR THE CORNER TRANSITION

FUNCTION COhRECTION TERM
DELU INVERSE OF DEL
OEk. 4*PI*FN*SIN(BO)
ON INTEGER WHICH MOST NEARLY SATISFIES THE EOUATION,

2*PI*FN*DN-BIET-PI OR -PI

DNS COMPUTATIONAL VARIABLE
EX CEXP(J*K*R*A)
FA TRAIhSITION FUNCTION WITHOUT SORT(A)
N COMPUTAIJONAL VARIABLE
RAG ARGUMENT OF COTANGENT TERM
5 IMAGINARY PART OF FRESNEL INTEGRAL
SON SIGN OF DNS
SON SUR'I(2*PI*R)
TS ABSULUTE VALUE OF TSIN
TSIN SINE OF AROUMENT OF COTANGENT TERM
UNPI N- CO,.PONENT OF DI
UPPI N+ COMPONEN1 OF DI
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CODE LISTING

2 SUBROUTINE DI(DIRR,BET,S130,FN,DELL,LoG)

4 CH!! INCIDENI (BET=PH-PHP) OR REFLECTED (BETuPH.PHP)
b C!!! PART OF~ WEDGE DIFFRACTION COEFFICIENT
60C!!!

U7 LOGICAL LOO,LDEBUG,LTEST
8 COMMOlI4JEST/LDE9U&, LTEST

COMPLEX FFCT,TOP,COM,.EX, UDPI,UNIPI,FA,D)IR
10 COMhlON/'TOPD/TOP
4 1 COMb1Otl/PIS/PI,TPI,DPR,iRPD

L12 IF (W.LELUG) WRITE (6,11)
13 11 FORMAT (/,- DEBUGGING DI SUBROUTINE')
14 DEL=DELL
15 IF(ABS(DEL).LT.I.E-I8) DEL:SIGN(I.E-105,DEL)
Ic IF(LOG)DELtJ-I./DEL
33 ANG=BET*RPri
18 LGEM *2. *I'PI *FN*S130
19 COM=TOP/E)EM
20 SOR=SQRT(TPI*R)
21 CUl! N+ PART OF DIFFRACTION COEFFICIENT
22 DNS=(PI+A~lO)/(2.0*FN*PI)
23 SGN*SIGN( I.,DNS).
24 N=IFIX(A8S(VtWS)+0.5)
2b D,!4-SGN*FLOATQI)
20 AwABSC I .,C3A-d*~*ID)
2-1 BOTL =2.0*SORT(ABS(!R*A))
28 EXuCEXP(CmPLXC8.:l,TPI*R*A))
29 CALL FR14ELS (C,S,BOTlL)

31 Sa SQRT(PI/2.0)*(S-0.5)
32 FA-CMPLX(O.,2. )*S(i,*EX*C!.'PLX(C,S)
.3 RAG= (P I+AN.) /Q2..*)
3 4 TSIN-SIJ(RAG)

3) TS=ABSI3SSIN)
IF(TS.GT.I.E-5) GO TO 442

;8 F(COS (ANG/2.il-FN*PI*DN)!) I.T.0. (7) COTA=-COTA
..39 00 TO44^,
40 442 COTA=SO~T(A)*CCSCRAG)/TSItN
41 443 UPP I=COI.*COTA*FA
42 IF CLOG) UPP I=UPPI *BABS( FFCT( P*A*DELI.)))I.43 IF CUjEbUG) tRITE (0,*) D!I*A,FA,UPPI
44 CI!1 N- PAR~T OF DIFFRACTIONJ COEFFICIENT
4!) DNS-(-PI+AtIO)/(2 .il*FN4*PI)
46 SON-SIGN( I ., DNS)
4/ NwIFIX(AE3S(VtlS)+0'.5)1148 DN=SGI*FLOAT (111)
4Y A=ABS( I O +COS(CA~l(;-2 .,'*F,'!*P I*D:I))
50 BOTL - 2.0*SOPTCABSCR*A))

51 EX=C EXP (CPL X (0.0, TP I*R*A))
52 CALL FRNELS (C,SBOTL)
53 CxSowRTPI/2.0)*C0.5-C)
54 S= SORT(PI/2.0)*(S-0~.5)

55 FA=CMPLXC8i.,2. )*SCP?*EX*CMPLX(C,S)
50 RAG= (PjI-M)/(2.(~F

b , T5114=S1i(RAG)
58 TS-ABS(l SlNO

tHS(TIE5 GO0 TO 542ý
00) COTA= S~i( ~ *NSIICA~/ '-I*I*)t
01 I t (COS (AIU/2 .0)-N*PI*N L.. COTlA--COTA
02 00 TO 123
o3 54 2 COTA= bofT( A )*COS(11AG) /TS IN
U~l 12.23 UNPI=Cot.*COTA*FA

I F L WG) IN 1 1aI ItP I *bA B Z FtFCT(R *A*l) PL U)
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S0 It- (LDELUG) i'R.ITE (6.1*) DNAFA,UtHPI -

07 DIRsUPPI÷UNPI
68 IF (.NOT.LTEST) GO TO 2
6? WRITE (6,1)
70 I -FORMAT (/,' TESTING DI SUBROUTIN!E')
7! WRITE (6,*) DIRR,BET-
72 WPITE (6,*) SBO,FN
73 2 RETURN
4 END

{

11
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JDIFPLT

SI PURPOSE

To calculate the far zone electric field for a source ray which
is diffracted off of a given edge on a given plate.

PERTINENT GEOMETRY

j2F~ CONE OF DIFFRACTED

--- ,DIFFRACTION POINT

Ii.
SOURCE LOCATION

VP

VNv
VP D V 1E

Figure 55--Edge diffraction geoaetry,.
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x B0(1) + BO(Z) zB0(3)
0

A A"A A

SA

= x PH0(1) + y PH0(2) + z PHO(3)

= -PSOR

* = PSR

A 0

EDGE DIFFRACTION
•,0"POI NT XD

I CORNER DIFFRACTIONPOINT B

VN

SOURCEd----EDGE ME

SOURCE
LOCATION '*PLATE MP'

Figure 56--Corner diffraction geometry.

METHOD

The diffracted fields from the edges of the plates are calculated
by utng the Geometrical Theqr of Diffraction [4]. The diffracted field
in the far zone has the form L43

'd . ECQE) .3E(s',-#,$,o.FN) (j s

where Q is the diffraction point. The incident field can be written
in the form

le'.Jks'
rtQ -[EIPR ,*+ EIPL 0^

38(
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The diffraction coefficient can be written as:

Ile-e 'N 00FN) a-OS A ONw

The slope diffracted field in the far zone has the form[1O]

ES d. 1 a (QE) SIE e"JksEs-d. s ino n • " TOM S -
1S

where U __'_ino __ -r . The incident slope field can be written
in th fom -•- =- eJks'

in tEIPRP$' + EIPLPo p where EIPRP and EIPLP

are computed in subroutine SOURCP. The corner and slope corner dif-
fracted fields have similar form[9] and are included if the logical
variables LSLOPE and LCORNR are set true. The edge and slope
fields are combined and the phase is referred to the reference co-

ordinate system origin by the factor eJko*P. The form of the field
is therefore given by

= e-JkR

E W,(EDTI. + EDPH) T

Similarly the corner and slope corner diffracted field is given by

e-jkR
IEC = Wm(ECTHO * ECPII$) Te'

-jkR
where the factor e_•.and the source weight (W.) are added elsewhere
in the code.

oil
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FLOW DIAGRM

lowU VMRIMU.S
Flo mcdg ogle Indicator
ME adg apaeI wve diffraction Occurs

mp plate WeWe diffraction occurs

OUTPUT VARIMLES
WINP theta cpooewflt of edge diffracted

E field in RCS
EONH ph~i c*Wpnet of edg diffracted

E field in RES
ECYN theta componmnt of coeue diffracted

E fieold In, Res
ECPH phi empo et of corwe diffracted

E field in RCs

1. Peroa diffraction point *=;etry Calculations

plate edge af difactlaein

cideese ray Al VEOtO

Cof lte edge? f'i e diffratooctt n

lcationralongr1101ontmnd.seo
01t~t*~AS 4see an tar1e Is-

of plat* toge Iee If sat difrcto

cowdiffracedrptiont anot

plate or 'yl

Af,

~WWI



3. Caclt diffraction angles n relatedgemty

fCalculate 90 dand PS. the
Incdent ad4 diffrctted

check to see if diffractions
just ap~,ared. If so. Set
flag in 100(lAXG) for use
In double dtffrattlon.

Set 10011.1408-1

unt ectors (MA.Up2~)

A.CaCalculate80sfae'3 0 '

oe4~ osce fildatterm i

'f soo Jqrtct on is des reo.

,ffkPO ti~

I- aklit e 14Ns Wfp vz

14



Mocorm? di Momdoion
des I Pdn

S. Calculate Career diffracted f ieldt

LO homop IIUI bath coners
o4ig ME tvaUIablt4C)

Caclate C~ce diffrxctoae
colfficient~ CanI

F alcl ugdilted el~g diffraction
c toeflets 01 4, .'ar-i am

tot bowtdary cueditloiwq J

Ca C ~lt cudelffractr,.s ft#ltd
MW Ple d *nAlCuler to the

Caputv thieta ad lpil
CNWSof car - inee te

Iktf lit dj4Ul
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SYMBOL DICTIOI"ARY

-~AUN OUT PGODUPT OF VECTOR FROM PLATE UP TO !HE SOURCE AND THE
PLAIE UNII NORMAL

AFt. KEDOE ANGLE NUMNiEN
BULL~ VARI ABLE USED TO EXPAND DI FFRACT ION ANGLE RANGE IF CORNER

DIFFRACTION IS USFD
BONI LUPPhR LIMIT FOR ED, ThE COSINE OF THE DIFPRACYION ANGLE BETA
5DLCIV LOWVER LIMIT FOR B!). THE COSINE OF THE DIFFRACTION ANGLE BETA
BETS DIfI:ERF.NLE IN DIFFRACTED AND INCIDENT PHI ANGLES
I5ETP SUM OF DIPP~tACTED AND! INCIDENT PHI ANGLES
so8 DIF:FRACTED FIELD BETA POLARIZATION UNIT VECTOR (IN EDGE

FIXED COONDIATE SYSTEM) IN RCS COMPONENTS
Bop INiCIDE1NT FIELD BETA POLARIZATION UWIT VECTOR (IN EDGE

FI XED CbORl!! SYS) IN R4CS COMPONENTS
CNP COSINE OF: HALF KEDGE ANGLE
COkN CORNEk 01 FFkACTI ON COEFFICI~ENT
CPH COSI NE OF PER
CPhiG COSINE Oý PSCR

c~h CSI KEOF THR
CTHP COSINE OF TfiPk
DEL PA00tETE$I USED IN TPANI~TION FUNCTION
02 DIFFRACTION COEF. FOR! HARD SOUW~ARY CONDITION
DMITi DISTANCE IpRCM SOURCc TO NEAREST 141T (PIR"' SUBS. PLAIlNT OR CYLI HT1
OpiH SLOPE WiF1RACTION EOEFFICIElT FOR HARD SC411ZAPY COIMITION
UPS SLOP'E nFihFRACTION COEFFICIENT FOR? SOFT 9CONDARY CWDITIC11
OS (JIFFRACTION COEF. FOR SOFT BOUNDARY CONDITION
DV DOT P'CMUCT Of EWGE VECiOR AND PROPAGATION DIRECTION UNIT

VECT09,!) WHI1CH [S THE COSINE OF B3ETA
EC3I EDGE 0IFFRACTION COEFFICIENIT (FOAW SUB. DI) FC-.i INCIDENT

DIFFRACTED FIELD MODIFIED F'OR CORV,*ER DTI:ACTlVN
EChk EDGE DIFFRACTIC5 COEFFICIENT (FROM SUB. 0:3 FOR REFLECTED

DIFF-RACTED FIELV MODIFIED FOR Cf).TaER DIFF;ýAeTICf;
ECPH PHI COMPONENT OF CORNER DIFFRCTED E-FIE'tW
ECT1h IHEIA COMPOSENT OF COIINSR D,!i PrsACTEO E-F jEW
ED-ON PHI CWONP'EN OF EDGE nIFTRECTED S-FIELD
1E0PL COMPONENT OF DIFFRACTED FIELD PARALLEL TO TF'E EOUII c~~OP& 'OPNN l if-FRACTED FIELD ýPSER-VDICIULA$R -0 11.EWE
WINH THETA CWONMP~E CF EDGE DIFFRACTED E-F IEL:)

El- THETA COUP0114NT OF MIRNER DIFFRrA-TED FIEIUI VtQ
EG PHI CGUPOKENT OF COR46U CIFFRACTED FIELD Q ' RCS
EMP CUMPONErn OF INCIIDiNT FIELD PARAU.EL1 TO TlfE M-G
E I PIP PATIENK FACT".. FCQ COMP"6NIUT -FSUCEtICIE 1) L~

PAxALLc. 70 THE~ EM cSCR f FS2

EIPBk CI1t.PONENT OF INWEMT Fl ELDl PERPMICOLA; T'~& THE 4DS2
EIP60 PATWIN PACTOR FOR COilP00,07 OF $*UaCE (!.Za1, -4) SLOPE FVIED

PEPEPOICULM! TO THE* EDGE

j kitl Isco~cIa PATTai-44 FXcTOs Fca 4.V,Y salz Z Ccummegis Of

OaH CUWLE PRA16 'E"~ 19VU WiASE TO RMS MOWO4

6: Ki SUC A Xi~f MOICATDI!
at'np A:-ULE ElaTEllca le, *DOE is ng

c~sl 0i1~A~fr t TI-a PKAACA21ION Gtk4-kO~.t~34 ~eOiPe
l1)ýE AEF 04iID S~YS CQI11N TO 711F VIF ACTIr, P0144

to 'Aitay CW eIJG'04 IPTICATVbO AEIfli- OR Nri $V 'AFev.0 AS ;14S5EM
gHe LASI Tt4;E 010Lt oA e4LL&E-lkt 1 nQ WW tE Cý PL~AIM wf

1-w OcaiILE rbfclO- C SHA*a m, 4AAf t'cii :7NAIF M tca-6 O

wE C UNiLA R1 ~~

* R KAE F0NJ~4C ON I1:CCTC RU

PC, WTf Vif7CA'" T (iW kWF~ IIINOEAL AJn WiFF 4AY P9040&71I" 0#'
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PH DIFFRACTED FIELD PHI PoLkzAoN uNT VECTOR (K EDGE 1.
FIXED COOED SYS) IN RCS COMPONFNTS

PHIR PHI COMPONENT OF INCIDENT RAY PROPAGATION DIR IN RCS
Ppo INCIDENT FIELD PHI POLARUZATION UNIT VECTOR (IN EDGE

FIXED COORD SYS) IN RCS COMPONENTS
PHSR PHI COMPONENT OF "%IF RAY PROPAGATION DIRECTION IN RCS
PP NEGATIVE DOT PRODUCT O EDGE BINORMAL AND INCIDENT RAY

SPAGATION DIRECTVON
PS PSR*DPR
PS) DIFFRACTED RAY PHI ANGLE IN EMGE-FIXED COORDINATE SYSTEM
PSO PSIT*DPR
PSOD INCIDENT RAY PHI ANGLE IN EDGE-FIXED COORDINATE SYSTEM
Pso0 Phi1 COMPONENT OF INCIDENT RAY DIRECTION IN EDGE 1

FIXED COORDINATE SYSTEM
PSU PHl COMPONEN1 OF DIFFRACTED RAY PROPAGATION DIRECTION

IN EDGE-FlXED CCORDIAMTE SYSTEM
OD DOT PRODUCT OF PLATE NORMAL AND DIFF R1AY PRO ATION DIR
al NEGATIVE CF DOT PRIOOUCT OF PLATE UORMAL AND INCIDENT RAY

PROPAGATION DIRECTION
RM MKANITuE OF vECTN! FROM CORNER ME TO SOURCE

RY XY, AND Z COMPONENTS OF VECTOR FROM CORIER IC TO SOURCE
Az
WO SINE OF 80, UfE MOLE THE DIFFRACTEO RAY MAKES WITH

THE EDGE UNIT VEC"O'.R
SNIP SINE OF HALF WEN0E ANGLE
SP DISTANCE FROM 50MRCE TO DIFFRACTION POINT (FROM SU8. DFPWD)
SPHO SINE OF PSR
$9910 SINE OF P50k
SPP DISTANCE FR"..i SOURCE TO DIFFRACTION POINT
STHU4 SINE OF THR
TERM COEFFICIENT OF CORNER DIFFRACTED FIELDS
THIN TIHlA COiPON5.T OF INCIDENT RAY DIRECTION IN RMF COORD SYSTHPh ANGL-E DIFFRACT•ED RAY MAKES WI~TH E
Tfi k ANJU BETWEEN EM.EG UNIT VECTOR ANDO RAY FR"q SOUltEe

TPP DISTANCE PAR,•1METER USED IN CALCULATING DIFFRACTIONe CW-FFICIENT5.
VECT VECIORt USED TO MOVE LIFFRACTI•! POINT OFF OM• FORl

SHADOWINGK TESTS
vi UNI I. VECTOR OF |NIDI T P+AY P•OM,•ATI(* UIR 0904iq SPo OPTMO)

VIP Uwr VECTOM FROM SOURCE TO 0iFR-ACTIC por PO
VNG VItIST"CE 4•.ON THE E•GE FRON FIRST CORNER OF EDGE TO DIPF

vxs 3Xt MATRIX DINNIKG THE SOUMCE CWRCOhATE sYSTEM-e AXES
it) DIO RACTiON POllet (CAtLIWATED IN SUS. WFPT)
A-P DIFFRACTI t POINT (USED FOR SHADOWINGO ISTS)
IS SUWV•E LCIA ION IN Rp Co•tE S$,
zP DOT PIIUJUCT kf DIFFOACTED RAY POOPAGATIO)I DIRECT1O04

MNIT V','CRO U AND VECTOR FRO04 OIF POINT WC CORNER W
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CODE LISTING

2 SUBROUTI NE CIFPL&C EDTIFEDnPr.ECTHi,ECPH. FNN, 'AS, 'JP)

CU1! DETEW.-1NES 7K IIFFRACTED FI3.D FROU, EDGE *ME O.4 PLATE *UP
bC111 VITH THE PHASE ?FFEiZRED TO ORIGIN.

a C!!! SLOPE ANP COR14CR DIFF. IS OPTIO?'AL FPO'Y INPUT DATA.
7 CM!

b C014PLEX EiGEPILFPIEPRErl n4IEP
COMPLEX ECTiI.ECPH,ECSI ,E-C3R.rS,DH.DPSCptfl

3i COMPL~IX IPIL.XY.ICONFT
r 1' ii~1 D!MEiIS1CN VI113). XP (i(3,H3)~ 3).X( 3),X)nPC3) VIP (3)

12 LOGICAL LSUJRF,LHIIT,LSLO)PE,LCORýR.!.D1)F.LfE~UG.LTr-jST
0~ COP.AMONtCEUPLA/X(14,,6,3),V( I4,6,3),VP(14,6,3),Vj4(14,3)
14 20aEP(14),UPA
Is~ COWAON1/EW'AG/VVAG( 14 ,6)

I CQO-t ~/M )TSP SR P1S.CPHIS. S-,~jCTv'S11
20 cMx~uN/LCI)I FlSl(?l,pR1

24 CONMO0:l/:I TPLT/%0--J
CalVl "/S`U~lFAC/LS';R#: 14)

20
2Tz L!!! INITIALIZE FIELDS

II IF

41 . DVM%!

.~ j-'

4 4

tol Il

.... 0 1 t I



66 F(4LTWGC4%E-.-)OTO 102
67 00 103 NuI,.3
68 303 XDP(N)=X(MP,MC,N)-I.E-4*V(1A4P,ME,N)
09 LDIF-.FALSE.
70 00 TO102
71 .101 DO 104 NuI,3
72 3104 XDP(N)sX(MP,14E,N)+l.E-4*V(IJP,NE,N)
73 LDIF=.FALSE.
14 102 DO 16 N3It3
75 VECT=VP(MP,ME,N)*CNP4VN(MP,N)*SNP
76 1d XDP(N)=XDP(N)+VECT*t.E-5
77 Cill 2. CHECK TO SEE IF RAY IS SHADOWlED
78 C1!! DETERMINE IF DIFFRACTED RAY HITS ANOTHER PLATE
79 CALL PLAINT(XDP,D,DHIT.IiP,LHIT)
80 IF(LHIT) GO TO 42-
83 C! 33 DETERMINE IF DIFFRACTED RAY HITS AITOTHER CYLINDER.
82 CALL CYLINT(XDP.D,PHS-R.DHIT,LHIT..TRUE.)
83 :IF(LNIT) GO TO 44
84 SPz0.
85 DO II3 Nw3,-3
86 VIP(N)=X:DPCN)-XS(N)
87 1331 SPP-SPP.VIP(M)*VIP(NJ
88 SPP=SQRT(SPP)
89 DO 112 Nu3l,3
9'0 J12 VIP(N)mVIP(N)/SPP
91 Cli D3IOES RAY FROMI SOURCE HIT ANOTHER PLATE OR A CYLINDER
92 CII! BEFORE DIFFRACTION?
93 CALL PLAINT(XS,VIP,D1ilT,!AP,LfilT)
94 IF(LHIT.AND.(DHIT.LT.SPP)) GO TO 42
'i5 CALL CYLINT(XS,VIP,PHIR,DHTT,L3FIT, .FALSE.)
96 IF(LHIT.AND.CDHIT.LT.SPP)) 00 TO 44
9-1 IF CLDEPUG) INRITE (6,*) SP,VI,XD
98 IF (LDEBUG) ?hRITE ( S) PP,VIP,XDP
99 CI!! 3. CALCUATE DIFFRACTION ANGLES AND RELATED GEOMETRY
I0 01-0
301 Ppso.
103 oPDue.
103 OD-x0.
304 DO 20 N-1,3
105 QI=OI-VN(MP,N)*VIQ!)
106 PPuPP-VP(MP,9E,N)*V.I(N)

I f DmQD+VU(MPXN*D(N)
108 20 PDutPD+VP(MP,ME,N)*D(N)
309 CIU! CALCUE.ATE PS0 PND PS', THE INCIDENT AND DIFFRACTED PHI ANGLES
330 C!!! IN EDGE-FIXED COORDINATE SYTMM
3I3 PSOR*BTAtl2(01.PP)
112 PSO=DPPSPSOR
113 IF(PSO.LT.O.) PSO=360.+PSO
3.14 PSR=BTAI!2(OD,PD)
335 PSuDPR*PSR
136 IF(PS.LT..0.) PS=36S0.+PS
.11, PSOD-PSO
li8 P50-PS
.119 IFCFN.LE.2.)GO TO 23
320 FN-N-2.
123 PS00u360*-PSO
122 PS~n360.-PS
323 21 FNP=FN*180.+3.E-4
124 IFCPSOD.C-T.FNP.OR.PSD.GT.FNP) GO TO 41
125 CUI! IF RAY IS NOT SHADOWED, CIIECK TO SEE I1F DIFFRACTIONS JUST
126 CU!l APPEARED. IF SO SET FLAG IN ID(IANG)
127 IF(ID(MP,ME).LE.-1 )GO TO 22
128 IDD( IANG)u-C400*MIE+20*MIP+ID(MP,ME-)I
329 22 ID(MP,ME)--2
3130 SPHO=SIN(PSOi0
1333 CPHOmCOS(PSOR)
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m 132 SPH-SIN(PSh)
133 CPHxC0S( P5k)

r 1334 C!!! COMPUTE DIFFRACTIO!J POLAR1IZA7ION U1117 VECTORS( P1O, PH,30P, 00)
T1.35 DO 30 N-1,3

,to 1337 -~0 PHNti--'P(.1P,.'3E,!.)*SPli+VNU:$P,n-)*CPP!
138 BOP( 1)-PHO(2)*VI (3)-P!HO(3)*VI(2)
139 BOP(2)-PHOC3)*VI(t )-PHOCI,*VI(.3)
140 BOP(3)=PHO( I)*VI (2 )-P$O(2)*Vl( 3)
141 O )PJ2*3)P!*()
142 BO(2)nPHI(3)*D( I)-Pf!(1)*0(3)
14.3 BO(3)=PH(l)*D(2)-Ph-(2)*D(3)
344 C!!! COMPUTE SBO=SINE(6O)

146 2*D(3)-V(NP,NE,3)*D(l ))**2+(V(M1P,?'E,2)*D( 0-V(L"P,,1;S,1 )*['C2))
147 2**2)
148 TPP=SP*SBO*SP0
149 C!!! 4. CALCLLATEE EDGE DIFFRACTED FIELDS
350 C!!! COMPUTE SOURCE PATTERNJ FACTORS
151 CALL SOURCE(EF ,-G, EIX.EI Y, EIZ.,HilRPI4R,VXS)
352 ELPR=EIX*P!1O(l )+EIY*PIIO(2)+FIZ*PRIO(3)
153 EIPL-EIX*BOPCl ).EIY*DO0E'C2)+EIZ*ECP(3)
354 C!!! IF SLOPE DIFFRACTION 1S DESIRED, CC"PUTE V:CIDENT SLCPE
155 C!!! FIELD PAKITERN FACTOR~S
156 IF(LSLOPE)CALLSG CPIP.PL,1RAB ,V )
1571 C!!! CALCULATE PHASE V-P.M U4iiFER PHASE' TO !JCS Gi
358 GAM-iXD( I )*[D( 1)+XD(2)*D(2)+X-flC3)*D)3)
159 EXPHwCEXP (CMPLX ( 0. ,TPl* (A:!-SP',) )/SORT (SP)
I of C!!! COMPUTE EDGE DIFFRACT'ION COEFFICIZENTS
lod CALL DN (DS,DH.DPS,DPH,TPP,'SDPSOD,S;CJ,F.;,LSUR-FU'4fl)
162 IF (LDEBUG) WRITE (6,*) CIPRQ,FIPL.,EIP'-P,EIPLP
163 IF (LDEEUG) WRITE (6,*) DS,n t ,,DPS,Dp
104 IF (LDEBUG) V'.RITE (6,*) TDP,PSf).PSr.-',s2O,r:..
165 C!!! COMPUTE PERPENDICULAR A::D PARALLEL c~:E:T ci:
loo C!!! 01FF. FIELD(EDPR,EDPL)
167 EDPR=-EI PR*DHJ*EXPH
368 EDPL=-ElPL*DS*EXP'i
log IF(.NOT.LSLOPE)GO TO 201.
170 EDPR=EDPR-EIPRP*DPH*EXPi/CNIPL (8. ,TPIl*SP*SI3O)
373 EDPL=EDPL-EIPLP*DPS*EXPH,/CMPLX0O.,TPI*SP*S30)
312 201 IF (.NOT.LDIF) Go TO 202
173 C!!! COMPUTE THETA AND PHI COMPONEENTS OF EVGE DIFF. FIELD,
174 C! !! IF DIFFRACTION EXISTS
175 EDTH=EDPL*(DO(l)*DT(I)+BO(2)*DT(2)+90(2)*DnT(3))
116 2+EDPR*(PH(1)*DT(3)+PH(2)*DT(2)+PH(3)*DT,(3))
177, EDPH=EDFL*(BG( 3)*DP( I)+50(2)*DP(2))
1378 2+EDPR*(PH( 1)*DP( l)+Pf!(2)*DP(2))
1; 9 C!!! 5. IF CORNER DIFFRACTIED FIELD IS DESIRED, CALCULATE
380 C!!! CORNER FIELDS
383 202 IF (.NOT.LCORNR) GO TO 40
182 BETN-PSDL-PSOD
183 BETP-PSD+PSOD
184 EFr-(0.'0.)
185 EG=(0. 1 0.)
166 mc=ME-l
187 IS'=3
385 C!!! LOOP THRU BOTH CORNERS ON EDGE iME.
189 -.5 AC~mC+I
190) IF(X1C.GT.4'-EP(A3Pfl MCxI
393 lSN--IS?3
192 RX-X S( I) -X (V.P, MC.I)
31,3 RY-XS(2,-X 01P, MC,2 )

395 RM=S0iRT( RX*RX+3!Y*RY+RZ*iRZ)Ii 90 CTH=V(AP,ME, 1)*RX.V(?'P,'!E,2)*RY'.V(M'P,:,('E,3)*!2'"

197 CTH= I ~*T/~
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198 CTHPmISN*DV
99 THPRuACOS(CTHP)

200 THR-ACOc(CTH)
201 STHR-SIN(THR)
202 DELn2.*TPI*RM*(COS(.5*CTHiR+THPR) )**2) I
203 ZPu(X(IAPMC, !)-XOC 1))*D( I)+CX(ILP.MC,,2)-XU(2))*0C2)
204 2+(X(MP,JXC,3)-XD(3) )*D(3)
205 TERM-STHR/fPI /(CTfH+CTHPP)/SOIRT (RA!)
206 Cil! COMPUTE CORNER DIFFRACTION COEFFICIENTr(CORN)o
207 CORNn-TERNA*FPCT( DEL) 'CEX P( CMAPLX(0. ,-TP1* (RM-SP-ZP) -. 25*P I))
208 CALL DI(ECBi ,TPP,BET'N,SBO,FN.DEL,.TRUE.)
209 IF(LSURF(NP))GO TO 311
210 CALL DI(ECBR,TPP,BETP,SBO,FUl,DEL,.TRUE.)
211 C1!1 COMPUTE MODIFIED EDGE 01FF COEFFICIENTS(DH,DS).
212 DH*ECBI+ECBR
213 DS-ECBI-ECBR
214 GO TO .312
215 .311 OR-ECOI
216 DS=(8.,0.)
217 C!!! COMPUTE CORNER DIFFRACTED FIELD COMPONENTS
228 C!!! PARALLEL AND PERPENDICULAR TO EDGE
219 .312 EDPR-EIPR*DH*EXPH
220 EDPL-EI PL*DS-*EXPH
221 IF(d.NOT.LSLOPE)OO TO 203
222 EDPR=EDPR-EI PRP*DPH*EXPH/CMPLX (0., TPI*SP*SBO)
223 EDPL-EDPL-EIPLP*DPS*EXPH/CXPLX(0. ,TPI*SP*SBO)
224 C11! COMPUTE THETA AND PHI COMPONENTS OF CORNER
225 C!!! DIFFRACTED FIELDS IN RCS
226 203 ECTHnEDPL*(BO( !)*DT(I).BO(2)*DT(2),BO(3)*DT(3))
227 2+EDPR*-(PH( 1).*OT( !)+PH(2)*DTC2),PH(3)*DT(3))
22b ECPHaEDPL*(BO( I)*DP( 1)+BO(2)*DP(2))
229 24EDPR*(PH( I)*DPC I ).PHC2)*DP(2))
230 C111 COMPUTE TOTAL THETA AND PHI COMPONENTS OF CORNER
231 C!!! DIFFRACTED FIELDS

j232 EF=EF+ECTH*CORN
2,53 EC-EG+ECPH*CORN
234 IF (.NOT.LDEDUO) GO TO 36
235 WRITE (6,*) DS,DH,EDPR,EDPL
236 WRITE (6,*) ECTH,ECPH,CORN
237 WRITE (6,*) EFIEG
238 3ý6 CONTINUE
239 IFCMC.20.ME) GO TO 35
240 ECTHE9F
241 ECPH-EG
242 00 TO 40
243 41 ID(MP,ME)--l
244 GO TO 40
245 C!!! IF RAY IS SIADOIYED,CHECK TO SEE IF DIFFRACTION
246 C!!! JUST DISAPPEARED. IF SO SET FLAG IN 100
247 44 MPH-0
248 42 IF(IDCMP,ME).GE.-1)GO TO 43
249 I0D(CIANG)w-(400*IAE+20*MP.MPH)
250 43 ID(MP,ME)=MPH
252 40 IF (.NOT.LTEST) 00 TO 204
252 WRITE (6,205)
253 205 FORMAT (/,' TESTING DIFPLT SUBROUTINE,#)L
254 WRITE (6,*) EDTH,EDPH,ECTH,ECPH
2.55 WRITE (6,*) FN,MElMP
256 204 RETURN1
257 END
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L •DPI

PURPOSE

To calculate the incident part or the reflection part of the
wedge slope diffraction coefficient

METHOD

This subroutine computes either the incident part or reflection
part of the slope diffraction coefficient based on the uniform Geo-
metrical Theory of Diffraction [101. This coefficient is given as

• .e-j ,T/4 {
DPI(R,0,sinf~o,n) e sc2 Fk+B)

"4n.12•k sin$0

0

2n

where

F (x) = 2jx[l-F(x)]
-

and where f, a(B), F5 (x), n are defined in the write up for subroutine
DI. An illustration of the geometry is given in Figure 55.
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FLOW DIAGRAM

OP1(OPIR,R,BET,SBD,F})
INPUT VARIABLES

R distance parameter
BET PH+PHP or PH-PHP
-S8 sine of•
FN wedge ange number

OUTPUT VARIABLE
DPIR incident or reflection part of

slope diffraction coefficiint

"fC~Pute N+ part of diffraction
cefic ient

Copute N- part of diffraction
coefficient

:1 V

SYMBOL DICTIONARY

A ANGULAR FUNCIION FOR TRANSITION FUNCTION
ANG BET IN RADIANS
BOTL ANGUMENT OF TRANSITION FUNCTION
C REAL PART OF FRESNEL INTEGRAL
cum CONSTANT FOR SLOPE DIFFRACTION COEFFICIENT
CSCA COSECANT TIMES THE A FUNCTION
DE,: 8*PI*FN*FN*SIN(BO)
ON INTEGER WHIICH ROET NEARLY SATISFIES THE EIUATION,

2*PI*FN*DN-bETaPI OR -PI
)DNS COMPUTATIONAL VARIABLE

EX CEXP(J*K*R*A)
FPA SLOPE TRANSITION FUNCTION WITKIUT THE A FINCTION
N COMPUTATIONAL VARIABLE
RAG ARGUMENT OF COSECANT TERM
S IMAGINAkY PART OF FRESNEL INTEGRAL
SUN SIGN OF DNS
TS ISIN SQUARED
TSIN SINE OF ARGUMENT OF COSECANT TERM
UNPI N- COMPONENT OF DPI
UPPI N+ COMPONENT OF DPI
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jCODE LISTING
4CH!1 INCIDENl CBE~I-Pti-PliP) OR REFLF.CTET) (FFT-PH+PHP)
5C!1!! PART OF V-EDGE SLOPE DIFIFRAMTON COU~FICIENT

o CHI!

LOGICAL LI)ESUG,LTE.-TILb COMM.WJ/T EST/LD ER1O, LTEEST
9 COMPLEX TOP,CO.M,.EX ,UPPI .UNPI ,FPA ,DPIRCM NTPf/O

11 COIkM')N/PI5/P1,TPI,t)PFt,RPr)Ii12 IF (LEUMG) IRITIE (6.11)
1' 11 FORM.'AT (/,-* DEHUGOINNG DPI SUBROUTINE')
I'. ANG=9ET*RPD
lb .FEM!=4,*TPI*t:tN*FN*SBO

I10lblý cH -+ ?ArHT OF SLOPE DIFFRACTION CCEFFICIEN7

iBo7L :22.0*SORV Af3SCR*A) )
2'. E=CFAP(CM.PLX(0.0,TP I*R*A))
25t CALL FWThELS (C.SdBOTL)

SP=iPI*R*(CPL/20)(S-0,.5)*.SW(P()IRA*ECtXCS

iAG= (P I AN'C) /(2. O*FN)
75S 'I =S I N (d pG)

TSýI I E-5)t 00 TO 442
.3 CSCA=-2. *FII*FN*COS (A NG--TPI *F'l'*DV) )/COS( (PI+ANO) /zN)
.4 GO 10 A;-

b 42 CS3CA=A/IS

d4_ UPP 1,=Col. *cEc A*FP A

A=Ai)!( I.i*U(A02.**PtN)

(.AlLLFNL (CSi43CTL)

FP A =T I*1* (C,':PLX Wt. ,2. +4. SORT(AS S(TP I*R* A))*EX*C DU .(C. S))

I F Ci VA. I .E-5) 00 TO 542
CSCA u-2. *FN* FN*CoS (A NG-TP I OFN)P /COS( (P t-ANC;) FN)
Cu W1 2'.

*.-'-2 CSCA=A/%
UN I. LlPI sC0!4*CSCt*FPA

(-2~~~ WUI -tl'~~SilGPISp4)1IIt

.*0..rv ) G V

.. , ,'FR1TVV
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DPLRCL

PURPOSE

;o compute the far-zone electric field for a source ray diffracted
off of a given edge on a given plate and then reflected by the cylinder.

PERTINENT GEOMETRY

z

A
D

REFLCATTION

Figure IN 5-IlsratoR farydfrce f fapaeeg
and ~ ~ Vi thDrfetdb h yIndeR. CIO

Thgue f-ieldutaino a diffracted by o a plate edgeanthnefcedbte

elliptic cylinder is calculated in this subroutine. The field dif-
fracted by a plate edge is found using the uniform Geometrical Theory
of Diffraction[41. This ca6.as an astigmatic tube of rays to be in-
cident on the cylipd~r. The field reflected by the cylinder is found
using geometrical optics[41. The resultant field in the far zone
has the form (pp. 163-164. Reference 1)

.152
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17r r eksM  eJkS! s's'+Ie - P1P2 T "

where i (Q ) is the incident field on the edge at QE, D is the dyadic• I d~ffractjoh coefficient, " is the dyadic reflection coefficient,

P1 and p2 are the reflected ray caustic distances, s' is the distance
fý'om the source to the diffraction point, s" is the distance from

1 the diffraction point to the reflection point, and s is the distance
from the reflection point into the far zone. The geometry is shown
in Figure 57, and further illustrations can be found in the write

• I ups for subroutines REFCYL and DIFPLT. The phase of the field is
referred to the reference coordinate system origin so that

e-jks =e Jko-r e-jkR

s R

The diffracted-reflected field then has the form

rd~ e -JkRrd,r = Wm(EDTH9+EDPH$) -R

where the factor gikR and the source weight (Wm) are added elsewhere

in the code.
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FLOW DIAGRAM I

CKtRCI. (EDTHANIDNUE*W

IIPUT VMIABLCS
W plate where diffraction 0ct6",
MiEdg on plate PP where diffraction occws
FN ieeg mole, anser of edge W~

OUTPUT YMAaILIS
EDTII theta c~ompo t of diffraCt s'eflected

field in KCS
ONP phi c~oeent tof diffrace4.refl4.cted

field In RCS

is
edeformed by intersectf 1*3 --.

plates?2

Calculate ray path forJ
diffracted-reflected ray

:1e

or4 a ytfteO?

Sovi lat o w eetaei t I*"tor

iNi



II

Compute diffracted ffeld
compoflefts In RCS

Calculate Seametrical cotics
ref lection varmwetrs

Calcalate oolarfihi~to. unit vectors
of iftciden, on cylinder

C~ te covofleft5 fIel4% £ncIjen
oncy nder k;er 4Icj~rat*ra TIO

! Comizte reflected f tqll cvmw'e~ts

03"e of incidence

I Commst tket! a api :3ftt :g ml'e.iET

loss



I
SYneOL DICTIONARY L

so DIFFRACTED FIELD POLARIZATION UNIT VTOR PARALLEL TO O
BOP 1INCIDENT FIELD POLARIZATION UNIT VECTOR PARAUALL TO DOE

LV I DOT PRODUCT OF SOURCE RAY DIP FROM PLATE TAKOECr TO TAN POINT
I Of CYLINDER AND PROPAGATION DIRECTION (2-D) I

dM1 UUT PRODUCT CF SOURCE RAY DIP FROM PLATE TIANGOE'T TO TAN POINT
2 (0 CYLINDER AND PROPAGATION DIRECTION 42-0)

umi DIt:$RACTION COEF. FOR HARD BOUNDARY CONDITION
UHIT DISIANCE TO HIT POINT 01 PLATE
UQTP TEST VAkIABLE USED TO DETERMINE IF REFLECTION IS COMPUTED 1

PnOPENLY
US DIFFRACTI'I1 COEF. FOR SOFT BOUNDARY CONDITION
ov DOT PRODUCT OF INCIDENT RAY PROPAGATION VECTOR AND EDGE UNIT

VECI O"
"EUJPH PHI COMPGOMEN4T OF EDGE DIFFRACTED REFLECTED E-FIELD
bEOPL COMPONENT OF DIFFRACTED FIELD PARALLEL TO THE EDGE
EIl)h COMPONENT OF DIFFRACTED FIELD PERPENDICUIAR TO THE EGE -

0ETH TH6TA COMPOINENT OF EDGE DIFFRACTED REFLECTED E FIELD
JIlPL COMPONENT OF INCIDENT FIELD PARALLEL TO TiE EDGE

OW PLAN4E Of INLIDE1NCE
6IPk ) COMPONENT OF INCIDENT FIELD PERPENDICULAR TO THE EDGE

OR PIANE UP l(NCIIDEICE

eFL SuUMCE PATlEWIN FACTORS FOR XY. AND Z CONPENENTS OF INCIDENT
Eli E-FIELD
EkPP COMPON1ET OF REFLECTED E FILD PW2ALLE1. TO PLANE OF INCIDENCE
"ERPh COMMPENT OF REFLECTED E FIELD PERPEI!.ICULAR TO PllANE OF INC.

EMk X.Y.Z COA'PO*:ENTS OF REFLECiED FP1.. INi RCS
EXPt C -MPLEX PHASE 9l1D SPREADING FACTOR

LUIC SET TRUE IF STARTING POINlT INFORMATION MEISTS FROM
wt.liVIOUS PAVTElItt ANGLE

LihI SET TRUE IF PLATE IS HIT
Mik ED(& UN PAT lUP AHERE DifRMACTION OCCUJIS

o++ ~~~llp PLIS.AE F•og WHitC14, lDFFRA~CTIMl OC"CURIS
•:•.. . ~PU . )U ROUI OiCTt Cf EWE 6,00fI!lll li~l. 0 PRtOPAGA-11014 MIECTIC",t

{ ..oH lt•+'iIVý;ý-AC-TED IE ~LD PHI UNIT VECTA•tR PUREV~tICUI-LAlt 0' EDGEi +-
- l~~~~~lf0k MI~ CWQ"04POlF.-• PRiilOPACAiION#, 0lIMTlel OF Wt.Y

IiCI•R ON PLATE Up
PHG INWiEiT OIP PHI Uilt VECVA PERPEJitCULAR TO EOME
PP IOATIVE WT4 PRl• OCW-- OFf E S BINAIAL AND INCIDENT DAY
P"S al!lui P1p ANL-E lit IE•t•DIXW. COORDINATE SYSTEM

PS" P1 COM(*EII 14*ILwRAY .OS.-CTIO I Of OS V

PS-. P tul eliUP{I"ll W•i•- iAy PtioPAGATISo DIPWTIZ In 5t,,,*XEO t
C(#'SYSTEb

wf" O.T P Ut4LCT WP PLA7T #Ii¢•W. AillD 0 RAY iOPlAATIOŽN WI ECtIOto
o1 NLkATIVE W* OOT #QGitCT OF t-LAT NORMAL A00 1i ,-T A W 2AYMl? VECTOR
•m I .RAVIlUS CURiaTVUE lP_ sm IC",AR To ma OF RIFFRACT.D PAY

IN"CiDN Ci &tLEalwl to]rWNW ]liADIUS C(iATU4 4E INj * r9 WV~,lS OF "
.E WUTFLECTI•- POINT

Sl'& MAYSPR0Ib RACIJEIN UNEOF cYLINDER CU&vAlwt. AT
geasarCTIa PCIKY

Q •0aMAY zPieuA; .RAIV IN StA-E S....." T KAM* ICIh

5NAU UISTACii * ZIm P POINT TO rifEt iM14T
sW uITAteC L a TOwc 01 DIFMACY-ION #"L;-: 9P4 ssA. fteasi'
Thuik 1HC! tti&PeT I P-AAZATZON-0 4 DlrECT,.IOw OF .A#

I oI- NT m PtYAt PAWI i~yvi Ca Oufl 1* twT vE~iTli llflW4N to tYLf .AT REL&Zf.lUJ•~ll
NlsT -
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CODE LISTING

4. CE!! Wt;PUTES lifE FIELD DIFFRACTED FROM3 EDGE DM5 OF PLATE SMP
b LiftI THEN IIEFLECI&L) PUOI THE ELLIPTIC CYLIUDER

C0X4PLEX EF.EG4CIPREIPL.EXPH.DSr.flH.DPtDPH.EIWR.EDPL.EDTH.EOPN
b U&PLEX ERPfr,aRPP,EIX,CIY,EIZEUX,ERY.ERZ4
io UI22bNSILUI U!-'2) 1U8(2).VIC(3).XR(3)

EI pI4L3SILN vIt3).XI)(3).P~fO(3).PHft3),BOP(3),DO0(3).XDP(3)
11 LOGICAL LHIXLOUC. WEbUs,L13EST
l2 COI.'mf1/C-E0Pl.t/XC 14.6,3), V( IA.6.3).VP(EA4,6,3),VNC 14,3)

IA CO&MU1/l It-I1/XS(3 ),VXSt 3,3)
I . CU.t¶Vt/L j4/143), TH150.P1151) SPHJSCP'IS, W.crCTh4S

to CO? U/EOE/, IZC(2).SIJC(2).CI'C(2).CTC(2)
It COirWI/f/LFCJ( 14.6.2)
EII C-33At:UWUf!DfL/VDC( 14,6).UUC(2).PO)CR( IA.6.2),TDCR(i4,6,2)

Iv 24)TIT C( ',).VC(I14.o,4),DrIC(IEC.6,2)
a C0J1 9OE/!hFi1UV/FlT (3),DP(2)

21 C~lrtf!C!/PI S/PI,TPI.QDPA,kPI

Z COtW'U/CL')IC/LIEC( 14.6)
2' L! 1! IS EZ:GE t~OlPEf BY Irt-MSECT11mr PLATES'

nQ TO 40

27')3)r I t~G. MnP.ME. I- T.t4 ( .TII(~%.) O 39
rttblurtPk14E )CPFG.8D)C(IiP.NE,2).SPNS

IrH~I~T.UX(?PM).t4'1N?ŽGT.WC('PEE) m TO 39
SI U!! LALCUL-A&E RAY PATH! FOR DIFFRICTEn>REFLECTED FIFth1

:4. F(DOIP4.IY.t. CO To 40
W(Wi*.LTdflh(YPdW!, E)3.l.0.0~t~3.) TO 040

0.ju It 15 diq.CIICr "rF 70INIT OF-F OF a:1111TE CYLIfIrlWR?
Ir(tXhtc3),ý.O1.2C( ItXR(I)*CTC( E).OR.

41 Ml IV, IE't,2
Z2 VLa~ukr vt jW,' E.11 IC~s~l IIP,!o )eSHP

44 II IS itA' fll~AWOtEI2 RV A PLATE 0;, A CYUIflEYI
4,4 CALL ;tAlfNT(MID. VICjWMIT~P,4jT)

:)40. 0111 tITLT.5jtPfb,) M0 TO 1
CALL 'rr(~Sf sIt,(T

CALL)1)OW i

W1 WWupI 'a) 0 (2¾fl CA
CA1 CYLz&8*V2fN-T(vlS.I.Pefl t) )4IT.U2T.,FlSE),V(1

ft e

It týI

lW A r- A



I I. ( 2!; .11T P,, eo *
It~~~ CP.It,. ý *P

7 J PHOUSIMJP501)
j~. cpI'onuOs(PSOR)

('.P! lcus (PSI.)
C! !I ALCj1.A'h 11PCIflENT AN:D O)IPFlACTED POLARIZATION

L I I UNIIT vECTOkS
PO0 31, 1u, 3
PH0Ct N)uV (tIP. MIE ,N)SPHO+V I! 01P 1:r 1)*CP PC

I UUNI ) =P1:10(2 )VI (3 )-PliOC 3)* 1C2)
,? * L~0(?)wHO(3*VI ( I )-,I'O

84 60(I )-0i: (2)* VI C 3)-PH(3) *V IC(2
F v (2)1u-PI; 0)* VI C I )-PI(I )*V IC (3)
£CO(--).pHIl)*1vIC(2)-PVC2) *VIC( I

~AC!!! CLLAISCUPC2i rI!ELI) PArTTERN FACTOP
tL ~CALL SCU~iCEL(r,tEG,E.IX.EIYEIZ.THilR,PPýIR.VXS)

1: 1, 1X P HC ( I ) + IY* PH(2 )+ E IZ *P O (3 )
ýr L I I'L =EI X'b OP( I )+ E I Y* POP( 2) +:IZA BfOP (3)

2+(V"P~~iE2)*ICC)-V('¶P,:4IE, I)*VIC(2 ))**2)

L !!! CALCULAE CIFFRACTF-D'tIEI~f)5
CALL ;hDl)S~p1TPSP.:.AS.

Eb PL -EI Pl.*C c 1:X PfI
U~~C!!! CALCULATE CECP!ETI4ICAL 01PiTICS REFr.ECTIO01:

%'ALL "MAWdl(LI Ui9,VR)
ItHU! (I) -Pr ( )+W!. (2 )*j(2)

A; 12 U( ýVIC( I )*(JR( ý1)-VlIC(2 )*IJB(2 ),-V ICM3

I L o 71-'1 1 *-ili ( 11) *l1 N(I )PH(2) )*UFR(2)
1 L S- TH12 =P! IC 5)

:16 TH2 I=['C (V) *IJ I) 1+50(2) *U'SC2)
III T 1122 0O(
112 L)ET=ThNI I* 1ii!l -hI*H2 I

I ~ H12I./RP.i 1-I ./RH12'>
Ic Th2*~2+12*4.*CTHI)*(T7H22*TI:22- TV. 2*7112)/R0O

1 17 IJ,1!;i=p~H!3+4'. *CTli)*CTHJD*( (TH?22*Th122+TF'I 2*TH 12 )/R' )**2
1 1, h~ijý=.5*,E0RT(I1Hl3)
I2 IH b2 I, 1%'!101=1j

121 C! !! : iEPOLARIZATION UNIT VECTOCRS (PtrPEX'IrliLA,
I~r2 L!!! A;.:) PARALLEL TOPLAIIE Ot: INICIfENICE)

-..Y=V Ir C 3) 11 l Y* I C*U(2

V CiI )*~~ I!'iý-"V 4C ( 3 )-.ell I PRX
uL? :T: I Cc2 ) *UI PRX-v Ic C I W:*I Pu~y

jJ..(~(I ) iti IPd" ~-1:(.3 *Uj P!RX
l~h/~2 *UJ:,-) I )*JI Dl~y
I~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~'r* Fo ' !X(.,-I'I*~))/'~(C~ i+1j.. A)
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1 ~.3 U!M CALCUALI'E DIJFFRACTED FIELD COMPONENTS INCIDENT
1 4 LM! ON MLD~xER PARALLEL AND~ PERP. TO PLAIIF OF INC.

. ElPR=LDPL*CDlO( )*IJIPRX+e.I3(2 )*,JIPRY+RO( 3)*UIPRZ)
1c 2+EDPk*(PH( I )*tJIPRX+PHi(2)*UIPPY+PtI(3)*UIPRZi

EIPL=ED)PL*(FBG( I)*UIPPXBO(2)*UIPPY-+BOC3)*IIIPPZ)
,.d 2+E[)Pli*(PHf( 1 )*UIpPX+PH(2)*UIPPY+pHi(3y*UIppz)

I3'- LM! COMPUTE REFLECTED FIELD) COMPONFIN'?S PARiALLEL
14~ !! AiND PERPENDICULAR TO CYLIIDER
141! ERPH=-SCRT(fiHOI*RHo2 )*EXPH*EIPR
142 ERPP=SORT(1!HOl *RH[02)*EXPH*EIPL
1431 C!!! CALCULAIE X,-Y,Z COM.PONENTS CF REFLECTED FIELD
144 ERX=ElMI*UIPRX+ERP*URPPX
145 EkY=ERPý*UlPPY.@ERPP*URPPY
1.4 ElRZ=ERPI*ltI PRZ+ERPP*URPPZ

1'1 EXPIP=CEXP(CNIPLX(O.,TPI*(XR(I)*D( i)+XR(2)*D(2)+XRC3)*fl(3))))
14L CM! COiPUTE7 THETA AND PHI COMlPONENTS OF DIFFRACTED-
141, C!!!- fkFLECTED FIELD) IN RCS

I ~; L:i)T=(EkX*r)T( I )+ERY*DT(2)+ERZ*DT(3))*EXPH
151 EI)Pl=( EFRX*DP( I )+EflY*DP(2 ))*EXPl-

112 GO TO 9kO
I ZA -,~ LDIC(MP,ME)=.FALSE.

154~ '. CONTINUE
11,5 -Ur-l0.O.
156 EDPH=(i).,O).)
U.?i w0 CONTINUE

1ý8 IFC.IIOT.LTELSI) RETURN
15Y WRITE(6,'(,Ol)
100) S-W FOkMA.T(/,-' TESTING DPLRCL SUBROUTINE')
I tI IVRITE(6,*) EDTH.EDPH.FN,M2,1AP
162 RETURN
Ic3 END
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DPLRPL

PURPOSE

To calculate the far-zone electric field (with phase referred to
the RCS origin) for a source ray which diffracts off of edge ME of plate3; MP and is then reflected-by plate MR.

PERTINENT GEOMETRY

"~PLATE MR

,-REFLECTION
POINT

SOURCE

vi

DIFFRACTION7 POINT XD

DI FFRACT ION
IMAGE POINT

EDGE ME PLATE MP "

Figure 58--Illustration of edge-diffracted, plate-reflected ray.
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FROM
DIFFRACTION

A1A

"PLATE MR

(IN PLATE
PLANE)

FOREFLECTIONFROM POINT
DIFFRACTION POINT

•. • . • .. PLATF MR

Figure 59--Geometry used in computing plate reflection.

METHOD

The fields diffracted by a plate edge and the reflected by another
plate are calculated in this subroutine[4,9,10]. The diffracted
and slope diffracted fields of the plate edges and corners are obtained
as described in subroutine DIFPLT. The reflection from the plate
is found by decomposing the diffracted fields into components tangent
and normal to the reflection plate (see Figure 59), satisfying the
appropriate boundary conditions and then transforming the field
back to the reference coordinate system. The edge and slope dif-
fracted fields are combined and the phase referred to the reference

coordinate system origin by the factor eikD'•P. The form of the

162
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�t 5 �

I the field is therefore given by

A A -jkR
= w,� (EDTHO+ EDPH�) .�-�---5;

The corner diffracted arid slope corner diffracted fields are combined

j in a similar way and are given by

= A A -jkR

Wm(ECTHO + ECPH�) �-.�--- �

gikR
where the factor and the source weight (Win) are added elsewhere

i

I
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FLOW DIAGRAM

OPLRPL (EDTI,EDPH,ECTHECPN,FNN,ME,MP,MR)

INPUT VARIABLES
FNN wedge angle indicator
MP plate where diffraction occurs
ME edge on plate NP where diffraction occurs .
MR plate where reflection occurs

OUTPUT VARIABLES
EOTH theta component of edge diffracted,

reflected E field in RCS
EDPH phi component of edge diffracted,

reflected E field in RCS
ECTH theta component of corner diffracted,

reflected E field in RCS
ECPH phi component of corner diffracted,

reflected E field in RCS

I. Compute direction ýj of ray incident on plate M
(ray propagation direction after diffraction). L

2. Perform diffraction point geo3etry calculations to obtain
diffracted ray in direction

etriei ifato No

• ~Yes

Compute edge diffraction point

Is diffraction point on plate edge?
If not, set diffradtion point at

appropriate corner and set
LOIF-false

3. Check to see if ray is shadowed anywhere

S~Yes

164
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{ 4 Caculte diffract*o n relitanted go esr
Caclate or0 ay~nd ,ter Inientr

rn difrctdpi anglsi h

~Computediffractionplrzto nt

C fom ut source htaplatte 
V tor e

4. Clcultedffrctomputges ancdrelatfeld ceompoentry

Ceaenlculare PS nd PSr.le toe edge

and dffrat 16 h
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If slope diffraction Is desired,
calculate incident SlIpe field

Patten, factor

Calculate location of diffraction
point faew in plate 0

Caculate phase torm for diffraction
point impg

ComPute edge diffraction coeffIcients

Comute perpendicular and parallel
components of edge diffracted

fieolds (EDROEtWL)

6. Compute reflection gooetry *nd diffracted-
reflected field

L o~4t variables to transform polarization
frnincident ray-fixed coordinates to re-

flection plate coordinate systs"M

IComute variables to transform Polarization
jrow r~flectio$9 plate coordinates to rayfixed
aand # comonents for ref lected fitold In MS

DWes

edg diffractedf 
fiold exist 

No

Wes

If stope diffraction is desired, add
slope diffracted fields to edge

diffracted field coenp ts
RONTh amP)
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Copute polarization of diffracted
I field incident an plate In

the plate; Al and A2 (plate
coordinate syst")

I f Calculate theta "nd hi
copnnso cred tedpra in

Add phase term to obtain edge
diffracted. reflected field

components EDTHEDPI

No corner diffraction
desired?

Compoute corer fracted fields

Loroe Yes bt c~rso

Compute corner diffraction1 1 coefficient, rCORt

C ompt modified edge diffract6ion

coefficients (ONOS

C puecomponents of cornter diffracted
fedparallel and peroendicular to

edge (EiP.D"Jh)

ECompute corner diffracted fields 
Incident

an 9 I :te IM in plate coordinate Systen

Comoute corner dJiffracted fieldl after
reflection in reference ceod syf-.

Set corner fieldsCO Set diff fteliA.O
ECTII.O E91rHwo
ECPH'O E09i4'O

CCON4.O
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SYMBOL DICTIONARY

At COMPONENT OF INCIDENT DIF FIELD NORMAL TO PLATE MR
A2 COMPONENT OF INCIDENT DIF FIELD TANGBIT TO PLATE MR
A3 DETERMINANT OF TRANSFORMATION MATRIX
ADN DOT PRODUCT OF VECTOR FROM PLATE MP TO THE SOURCE AND 'HE

PLATE UNIT WORMAL
AFN NEDGE ANGLE NUMBER t
8DEL -VARIABLE USED TO EXPAND DIFFRACTION ANGLE RANGE IF CORNE!q

DIFFRACTION IF USED
BDHI UPPER LIMIT FOR BD, THE COSIVE OF THE DIFFRACTION ANGLE BETA
BDLON LONER LIMIT FOR BD THE COSINE OF THE DIFFRACTION ANGLE BETAaETN DIFFERENCE IN DIFFAACTED AND INCIDENT PHI ANGLES IBET'P SUN OF DIFFRACTED AND INCIDENT PHI ANGLES
BO DIFFRACTED FIELD BETA POLARIZATION UNIT VECTOR (IN EDGE

FIX6D COOED SYS) IN ACS COMPONENTS (FOR DIF EDGE)
IN (XYZ.) REF COODR SYS. COMPONENTS [

BOP INCIDENT FIELD BETA POLARIZATION UNIT VECTOR (IN EIGE
FIXED COORD SYS) IN RCS COMPONENTS (FOR DIF EDOE)

C1I DOT PRODUCT OF REFLECTED FIELD POLARIZAT:ON VECTOR
DT AND PLATE COOED SYS UNIT VECaOR VN

C.IIA DOT PRODUCT OF RAY-FIXED C.S,. VECTOR BO AND PLATE C.S. VECTOR VNL
CI2 DOT PRODUCT OF RAY FIXED COOED SYS VECTOR OP AND

RLATE COOED SYS UNIT VECTOR Vt
C12A DOT PRODUCT OF RAY-FIXED C.S. VECTOR PH AND PLATE C.S. VECTOR VT
C21 DOT PRODUCT OF RAY FIXED COORD SYS VECTOR DT AND L

PLATE COOED SYS UNIT VECTOR VT
C21A DOT PRODUCT OF RAY FIXED COORD SYS VECTOR SO AND

PLATE COOED SYS VECTOR VT
C22 DOT PROD. OF REFLECTED FIELD POLARIZATION UNIT VECTOR

OP AND PLATE COOED SYS UNIT VECTOR VT t
COOED SYS UNIT VE MOR VT

C22A DOT PROIDUCT OF RAY-FIXED CS. VECTOR PH AiD PLATE C.S. VECTOR VTCNP COSINE OF HALF NEDGE ANGLE
CORN CORNER DIFFRACTION COEFFICIENT
CPH COSINE OF PER1
CPHJ COSINE OF PhJR
CPHO COSINE OF PSOR
CTH COSINE OF THR
CTlIJ COSINE OF THJR
CTDP COSINE OF THPR
DEL PARAMETER USED IN TRANSITION FUNCTION
oD DIFFRACTION COEF. FOR HARD BUNoARY CONDITION
CHIT DISTANCE FROM SOURCE TO NEAREST HIT (PROM SUBS. PLAINT OR CYLINT)
DIf• DISTANCE FROM SOURCE TO HIT (RETURNED FROM PLAINT AND CYLINT) L
Di XeYe AND Z COMPONENTS OF RAY PROP. DIRECTION BETIEEN

DIFFRACTION AND REFLECTION
OPH SLOPE DIFFRACTION COEFFICIENT FOR HARD BOUNDARY CONDITION
DPS SLOPE DIFFRACTION COEFFICIENT FOR SOFT BOUNDARY CONDITION
us DIFFRACTION COEF. FOR SOFT BOUNDARY CONDITION
DV DOT PRODUCT OF EDGE VECTOR AND DIFFRACTED RAY PROPAfPATION

DIRECTION UNIT VECTOR, DJ
ECE! DIFFRACTION COEFFICIENT FROM SUB,. D1) FOR INCIDENT

DIFFRACTED FIELD, MODIFIM FOR CORNER DIFFRACTUON.
ECOR EDGE DIFFRACTION COEFFICIENT (FROM SOP, DI) FOR REFLECTED

DIFFARACTED FIELD, MODIFIED FOR CORNER DIFFRACTION
ECPH PHI COMPONENT OF CORNER DIFFRACTED, REFLECTED E-FIELD
KCTH THETA COMPONENT OF CORNER DIFFRACTED. RItAECTED E-rVELD
EDPH PHI COMPONENT OF EOGE DIFFRACTED, REFLErTED E-FIELD
EUPL COMPONENT OF DIFFRACTED FIELD PARALLEL TO THE EDGE
EOPR COMPONLNT OF DIFFRACTEO FIELD PERPENDICULAR TO THE EDGE
1EUTH THETA COMPOkT OF EDOE DIFFRACTED.. REFLECTED E-FIELD
EN 7HETA COMPONENT OF PATTERN FACTOR OF FIELD INCIDENT ON EDWE

ALSO THETA COMPONENT OF REFLECTED FIELD
6o PHI COMPONENT OF PATTERN FACTOP OF FIELD INCIDENT ON EDGE

ALSO PH! COMPONENT OF4 REFLECTED FIELD IN 1CS
CIPL COMPOr•APT OF INCIDENT FIELD PARALIL TO THE EDGE
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EPPPATIERN FACTOR FOR COMPONENtr OF AJRCE * IUCIDENTl SLOPE FIELD
ELPPARALLEL TO THE EDGE CRAY INCIDENT ON 01FF EDGE)

ElPfi COMPONENT OF INCIDENT FIELD PERPENDICULAR TO THE EDGE
EIPNP PATTERN FACTOR FOR COMPONENT OF SOURCE ( INCIDENT) SLOPE FIELD

PERPENDICULAR TO THE EDGE (RAY INCIDENT ON D1FF SDOE)

si't SOURCE PATTERN FACTORS FOR X,Y, AND Z COMMEENTS OF INCCENT
EIZ 3FIELD ON EDGE
EXPH COMPLEX PHASE TERM (REFER PHASE TO RCS. ORIGIN)
F" WEDGE ANGLE NUMBER
UN8 WEDGE ANGLE INDICATOR

PUP ANGLE EXTEPIOR TO KEDGE IN DEGREES
GA" DOT PRODUCT OF THE PROPAGATION DIRECTION AND THE VECTOR FROM

THE REF CGORD SYS ORIGIN TO THE DIFFRACTION POINT IMAGE LOCATION
1514 SIGN CHANGE VARIABLE
LHIT1 SET TRUE If RAY HITS A PLATE OR CYLINDER (FROM PLAINT OR CYLIIJT)
MC CORNER AT ENiD OF EDGE ME
ME EDGE ON PLATE 9P WHERE DIFFRACTION OCCURS
MP PLAIE FOR MICH DIFFRACTIOff OCCURS
MR PLATE WHERE REFLECTION OCCURS
N tIX) LOOP VARIABLE
PD DOT PRODUCT OF EDGE BINORMAL AND PROPAGATION DIRECTION
PH DIFFRACTED FIELD PH1I POLARIZATION UNIT VECTOR (IN MEDG

FIXlED COORDINATE SYSTEM)IN RCS COMPONENTS (FOR DIP EDGE)
PlUM PHI COMPONENT OF INCIDENT RAY DIRECTION IN REF COORD SYS*
PHJR1 PHI COMPONENT OF RAY PROP. DIR. BETKEEN DIF AND REFLECTION

IN RCS
P110 INCIDENT FIELD PHI POLARIZATION UNIT VEC7OR (IN EDGE

FIXED COGIIO SYS) IN RCS COMPONENTS (FOR DIP EDGE)IPHSR PHI COMPONENT OF PROPAGATION DIRECTION AFTER REFL IN RCS
PP NEGATIVE DOT PRCOCLIC OF MOGE BINORMAI. AND INCIDENT RAY UNIT NOMA
PS PSR*OPR
PS0 DIFFRACTED RAY PHI ANGLE IN EDGE-FIXED COORDINATE SYSTEMi.P50 PSOR*DPR
P500 INCIDENT RAY PHI ANGLE IN EDGE-FIXED COORDINATE SYSTEM
PSOR PHI COMPONENT OF INCIDENT RAY DIRECTION IN EDGE

FIXED COORDINATE SYSTEM
PSR PHI COMMOENT OF DIF RAY DIRECTION IN EDGE-FIXED COORD SYS
GD DOT PRODUCT OF PLATE NORMAL ANiD PROPAGATION DIRECTION
01 NEGATIVE OF DOT PRODUCT OF PLATE NORMAL AND INCIDENT RAY

PROPAGATION DIRECTION
mM MAGNITUDE OF VECTOR FkOM CORNER MC TO SOURCE

RYI X*Y, AND 2COMPONENTS OFVECTOR FROX CORER MCT' SOURCE
SU0 SINE OF 80I, THE ANGLE THE DIFFRACTED ýAY MAKES WITH THE EDGE
SHP SIMb OF HALF WEDGE ANGLE
SP DISTNI.E MMU SOURCE TO DIFFRACTION POINT (FROM SUB. D$PTWD)
SPH WIHE Of'PSR
SPHJ SINE OF P1440
SF940 SINE OF PSOA
SPP DISTAI4Cli FROMd SOURCE TO MODIFIED DIFFRACTION& POINT
STHJ SINHE OF WkJ
STHR SINE OF THR
TENN COEFFICIENT OF CORNER~ DIFFRACtED FIELDS
T*$XR THETA COMPONENT OF INCIMET RAY DIRECTIN IN REF COORD SYS
THJM THETA COWMPON OF .4AY PRO9. DIR. BETWEEN DIP. AND REFLWECTN

IN RECS
ThPk ANGLE DIFFRACTED RAY MAK(ES WITH-MEDG
THU ANGLE SEMhEN EDGE UNIT VECTOR APD RAft FROM SOURCE

TO COR1NER WC
1*PP DISTANCE PAkAMETER USED IN CALCULATIMG Lfl1-RACTION COERICMlES
VIEiT viciom usEv To MOVe otVRifTixotN POITa OF EDGE FOg.

SHADOMING TESTS
VI WUNI VECT04 OFP AY INCIDENT, ON EWGE FROM SOURCE
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L

VIP UNII VECTOR FROM SOURCE 70 MODIFIED DIFFRACTION POINT 1.
VNM DISANCE ALONG ETHE E006 FROM FIRST CORMER OF EDGE WE

TO DIFFRACTION POINT
YT X,¥V AND Z COMPONENTS OF UNIT VECTOR ON •LATE MR NORMALTO

PLANE OF INCICENCE (TANGENT TO PLATE)
VMS 3X3 MATRIX DEFINING THE SOURCE COORDINATE SYSTEM AXES
XD DIFFRACTION POINT (CALCULATED IN SUB. DFPYD))
XDP MODIFIED DIFFRACTION POINT USED FOR SSADOWINO TESTS1

ALSO, LOCATION OF DIFF POINT IWAGE IN PLATE MR
XDPP DIFFRACTION POINT, CONVERTED TO IRE CTION HIT POINT
XS SOURCE LOCATION IN REF COORD SYS
ZP DOT PRODUCT OF PROPAGATION UNIT VECTOR AND VFCIIa FROM

DIFFRACTION POINT TO CORIER N•C

170

. !

•. . i



CODE LISTING
I C-

J SLIBUOUTINC DPLRPL(M=,EOPI4,Th.ECP14N.WW.MSP,101
3 C111
4 ClII DETERMNWES TIE DIM1ACTEDWPIIECTED FIELD KITH PH4ASE
5 Cill REFERRED TO ORIOW, RAY IS DIFFRACTED FROM WOE &WE ON
* C111 PLATE UP AND W~FLECTED FROM PLATE 090
7 CHII
a COMPLEX EF*EC,EIPR*EIPL EXPi DS ON DPS DPI4,EDPR.WDPL.EIJTN.WDPf

vCOMPLEX EIPRP,EIPLP,EIX.EIY.&IZOiI.FgFT.AI.A2
le COMPLEX ECT1f.ECPII,EC8I,EC8R
11 DIMENSION VI(3),.XD(3),PH0C3).,PHf3).DOP(3).B003),XDP(3)
12 DIMENSION DJ(3),VTI3),VIPCS),XDPPM3)
13 LOGICAL LSUMFLJ{IT,LDESUO.LTEST.LSLOPE,,LCOB)1R,LDIF
14 COWMfOIV~ST/L0E8UG, LTST
Is COMMON/400I FL.SLOPEILCOWR~I
16 CONMOWG/EOPLAfX(14,6,33hV( 14,6,.3).VP(14,6,3).VNCl4,3)
11 2 NEPU14.MPX

18 &Motvs5RiNF/xs(3),vxsc3,3)
19 COXWM)t/DIRD(3).ThS,PHSR,SPf6.CPtiISSrHSCTHS
21! COIWON.*8NDFCL/80C1 4,6,2)
21 COGWGI~hPNUV/Dr(3),DP(2)
22 COWIOIPIS**PI,TPI*DPR,RtPD

Z 3 COMOKEDMAGOVMACC 14 6)
24 COlWON#i'SURPACLSU8F( 14)
25 FN*FNN
26 ucsw* I
2~s 10 (MCGT*MEP(M4P).) MCal
28 CIl INITIALIZE FIE LDS

ja EDRhWCO. *0.)
.31! EOPIet.40L.)

S.3 C1ItI to COMPUTE INCIDENT DIRECTICII OF FIELD ON PLATE #-W
34 CALL REFf$PtPIUR,THJR.P,PSRTWSRMIR)
.15 514JO41N(PH4JR)j7 SW SN(TWR)
.18 CTKJmCOStrMiR)

39 0 I I-CPPU'STHJ

41 3ame
42 Cl~t 2. PEIWICRM DIFFRACTION4 POINTl OEIETRY CALCULAflOUS
43 CliI TO OBTAIN RAY IN I)I0ECTGIO 0J
44 avae.

46 go OVmOV*DJ(N)*V(*PUe,V)
47 I$IA8S(OV),OT.~I.9Q9) GO TO 41!
48 EW
4$1 IF (LCOK) R-ELwQ.3
so WU.m8D4MI',IK II-50O-L

52 CIII OmTRXINe 1 IF r10ACTION EXIIST
53 IF .TW.~.VG.~f GO TO 40
54 CiI COV-1JT E £DC I aFRATZtI PT.
15 CALL 0PV(SfVISOMP

57 00006.

Da I S 101
* 0.~ CN).64



67 ClIIt IS DIP POINT 00 PLUTE 6666 IF NOT icT Uir POINT Af
68 CI11 APPROPRIATE CORN9k AND SET WDIF FALSE
6v' !F Q96O.LT. I -E) GOTO 10 1

70 IF 4VMG.LT.VMO(MP#ME)-I.E-4) GO TO 162
71 00 183 hs.3
72 163 XOPCN)nl(PMC.M)-l.E-46V(iIP.UE.4)
7,3 LDIFm. FALSE.
74 00 TO102

76 164 XDP (N)mXCNMP, ME6.Zi# I E--4VtMP.ME, 0)t
.77 WDIFw.FALSE.
78 fit, 00 16 fiuI93
79 VECT.VPO(P NE.IU'CNP4'VN(MP,H).5MP
so XUJPCNWXDP(N)* I.E-S*VECr
81 16 XDPP(N)EXDPCN)
82 C111 .3. CHECK TO SEE IF RAY IS SIAOOED ANlYNHERE
83 CIII DETERMIN4E IF REFLECTICH OFF PLATE *0IR OCCRS
84 CALL PLAINV XD~P.#DJJCHIT,-VktLHIT
65 IF.NOr.LHIT) 00 TO 40
86 C111 DETERMINE IF RAY AFTEP AEFLECIZ0# UI75 PLATE
87 CALL PLAINT(XDPP,D.DHT,KRUIZT)
58 IFCLHIT) GO TO 40
89 C1III DETIERNINE IF RAY AFTER REFL!(ION HITS MyINDER
90S CALL CYLIIIT( XDPP,D,PN5R. iTLHf.IT,.. Rtl *)
91 If CLHITJ GO TO 46
92 CiII DETERMINE IF EDGE, DIF. RAY MIT$ PLATE WEORE REFLECTIONI
9.3 CALL PIAINT(XDP.*WDff$T.1R*LHJT)
94 1F(LHIT.AND.Wi'rýLT*0HIT)) 00O 40 4
VS CliI MANUSe1 V EMG DIP. PAY HITS CYLINDER 111FOE RERFLWTIJ
96 CALL CYLINTCXDPd.WPHJR.0IIT.UhIT,.T.rR )
97 IFLI.ID OTL.MT)Go 10 48
98 USPNL
99 00 1II11 N1,3
I1 IIISPP.$PPviP(N).VZP(Q

lotIIISPPmw5FTISp9"*~c1

103 00 112 met1,3
104 J12 VIPfN)oVJPtN)./5PP
105 ClIl VEEMUIVE IF RAY FROM1 SOUCE MIT$ A PLATF 00 A MYINDER

307 CALL PLAIIITIXS,V1P,.DHIM,LNPIMT
I"a IF IT-940. tDfr.LT. SPW) 00 TO 46

134

1147 O~e

its 00 20 Xe.I,3

120

123 c!IIt CALCULAUI ft- LN no, THS W~Ielow AW~ 014*24"18 0pot AmýE
124 CliI INI E00 -PIZED coopmATE ST$I
106

132 "Deft~



133J IF(FfI.LE.2.)OO TO 21
*134 FNaFN-2o
S13b PSOO.360.-PSO

136 P5Dw360.-PS
137 21 FljPuR~J*180.+l.E-4
138 WF(PSO.(;T.FIIP.OB.PS.GT.FNP) 00 TO 40

130 SPHOGSINCPSOR)
140 CPIIO=OS(PSOR)
141 SPKUSINIPSR)
142 CPHWCOS(PSR)
143 C111 COMPUTE DIFFRACTION POLARIZATflC. UNIT VECTORS(PHO.PHIBOP,8O)

*144 DO 30 N-1.3
145 PHO( N) --VP (UP.,E,f)*SPHO+VN( UP, ?.)*CPHO
140 ,ý0 PH(N)u-VP(MP IME,N)*SPH.VNCMAP N)*CPH
i4j BOP( l).PHO(2)*V!(3)-PHOc3)*VIc2)
148 5OP(2,.PIHO(3)*VICI)-PHO(I)*VI:3)
149' 80Pf3)-PHOCI )*VI(2)-PtfO(2)*VI( I)
I SO 80(1 )wP1(2 )*DJ(3)-P41(3)*DJ (2)
151 B0C2)=PH(3.'*UJC )-PHl )*f)J (3)
152 80(3)wPH(I )*DJ(2)-PH(2)*D.J(1)
153 C111 COMPUTE S8O.S111E(BO)
154 S8~nS01T((V(NP.LE,3).0Jc2)-VU.1P,'LE,2)*DJ(3)1s*2,(V(UP,ME.1)
155 2*DJ(3)-V(MP.NE.3J*UJ(1 ))**2,CV(MP.~4E.2)*DJ( )-V(4AP,MEI)
156 2*DJ(2))**21
157 TPPmSP*58O*SB0
15b C11! S. CALCULATE EDGE DIFFRACTED FIELDS
159 CiII COMPUTE SOUR4CE PATTERN FACiORS
160 CALL SOVCE(EF.EO.EIX.EIY.EIZ,ihjIR,PHIR.VXS)
1ot CI!! COUPUTE INCIDENT PIELD COMPONENTS PARALLE'" AND PE2P. TO MOE~
162 EIPRsEI).'PKO(I ).EIY*PHO(21.EIZ*P-ý;O(3)
163 EIPLwEEl*8OP(I).EIO*uP(2)+EIZ*BOP(i3)

*164 C111 IF SLOPE DIP IS DESIRED, CO0IPUTE INKrJENT SLOPE FIELD
I&65 C1114 PATTEAN FACTCQS
W6 IF(LSLOPE)CALL SOIIRCP(EIPRP.EIPLP~,Vij,P14.8P.,VXS)
16's CiII CAL.CULATE LOCAT1i4~ OF DIP POINT I13AGE IN PLATE 4R-1Jos CALL. IRA(.E(XDP.XOA0N,HR)
I6fi C1I! CALCULA1E PND-SE TEIRM FO4 DIF IR~AGE POINTi
170 CAM~u*UP( I).l( I )*XP(2I'0C2 )'XDP(3)*0(3)
171 EXP4imEXP(CMPLX(0. ,TPIe(OAI:-SP 3) )SORT(SP)
172 C111 COMPUTE EDGE DIFFRACTION CG.PFICIe11r5
173 CALL UN(OSW.D&.PSq QPI,TPP. PSD.PSCOSBO.FPN. LSW1P( IPý'
114 IF iLESUo' 0QtTE (6,0 EtPR2E.IPLEZl-PEIPLO
075 If (LOE4OW MIZTE 46,) VS,0I1f,PScDPt4
176 IF~ (Li)9WJ) KRITE (6.*0 TPPP5.),PSQD,S6O0.F!
G!~ C" I C(WPUjTE PERPENDICULAR ANO PARALLEL C04PONE'S OF
178 C111I fumG OIFfOACTO PIELO (90",4mm)

M.~ EUPL~-El PL*DS SMIL161 C I ! IF SLOPE DIF IS ~1ESEQ ACO SLOPE F EDS TO MiDI
102 C0I1 F1 E.c. COMPON&LTh

led EUP00COPP-El PQP40p/Ct.X( Q. *74 S"SRO)
ids EDPL.EOPL-E IPL0*p.~S1vpLX(00 TPI.0r-SP.SC)
106 011 6s COMP=T ME4 DIFR'-tEIM 4EPETEtD PAY
We WI! COMPUTZ VA~ ALE5 TO TQAVýFORV M4AR VA--C IO fR IINCIDENT

i~i C!!! RAY FMZ0 CtW -Y OhELET~~9AE COW10 SYS

*v~CW! RAY fI U ~CON Y5 CA T U
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199 C.1lIMvN(MR I )*oT( I)+VJI(MR.2)*Ur(2)+VN(V'R,3)*oT(3)
200 C12=VNCMR, 5 )tOP( l)+VtU(MR.2)*DP(2)
201 C25-VTC 1)*DT(I Irc2,*IT2),V(3)*DT3)
202 C22*VT( I)*DP( I )VT(2)*DP(2)
203 A3-C I *C22-C l2*C2 I
204 CI!I DETERMINE IF EDGE DIF FI ELD EXISTS
205 IF t.NOT.LDIF) 00 TO 202
206 C111 COMPUTE POLARIZATION OF DIP FIELD INCIDENT ON PLATE MR
207 CI!! IN COMPONENTS NORMAL AND TANGEOT TO THE PLATE CAI AND AV)
208 A5UEDPL*CI IAEDPR*CI2A
209 A2-EDPL*C21A4EDPR*C22A
210 CU!t CALCULATE THETA AND PI COJIPONENTS OF REPL FIELD IN RCS
245 1 Jin(AW*22*J.2*CQV)A3
212 EG-CA2*CA-I+AI*C21)/A3
213 CIII ADD) PHAEý TERM TO OBTAIN DIP REFL FIELD COMPONENTS
214 ClII EDTH AND EDPH
215 EDTH-EF*EXPH
216 EDPHSEG*EXPH
217 CIII 7. IF CORNER DIF FIELD IS DESIRED. COMPUTE CORNER FIELDS
218 202 IF (.NOT.LCORNR) GO 1O 46
219 BEIW=PSD-PSOD
220 BETP-PSD+PSOD
221 mcsM E- I
222 ISNI1
223 CI!!l LOOP THHU BOTH CORNER$ ON EDGE #ME
224 35 MC=MC+5
225 IF(MC.GT.Al- 1P)) MC-l
226 1 SN--I SN
2217 RXaXS(I )-),..AC, I
228 RY-XS(2)-X(MP,MC.2)
229 qZusaX(3)-XCMP.MC,3)
230 RMSSQRT( RX*RX+RY*RYRZ*RZ)
231 CTHxV(MP,,ME, i)*RX+V(MiP,ME.2)*a?,iV(IP,1LE,3)*RZ
232 CTHuISN*CTH/RM

2-3 CTHPmISN*OV
234 THPR=ACOS( CTHP)
235 THR=ACOS(CTH)
236 STHRuSINCTHR)
237 DELU2.*T'PI*RMi*CCOS(.5*(THRThPR))**2)
238 ZPu(X(MPMC,I)-XD(5))*DJ(1 ),(XUAP'.MC,2)-XD(2))*DJ(2)
239 2+(X(MP;MC,3)-XDc3))*DJ(3)
240 TERM-ST1IR/TPr/ICCTH+CTHP I/SO.RT CRM)
241 C11IL COMPUTE CORNER DIFFRACTIW4 COEI'FICIENtT (CORN).
242 CORN-TERM*FFCT(DEL)*CEXP(CMPLX(0. ,-TII*(RMi-SP-ZP)-.25*PI))
-143 CALL DI(ECBITPP,BETN,SBO,FN4,DEL..TRUE.)
244 IH(LSURF(9Pi))GO TO 311
245 CALL DI(ECBR,TPPtBETP,SBOFN,DEL,.TRUE.)
246 CIII COMPUTE MODIFIED EDWE D1FF. COEFFICIelTS (DH,DS).
247 DH*ECBL+ECPJR
248 DS=ECBI-r-.8;R
249 GO TO 312
250 .3115 DH-ECUI
251 Dsm(0.,0..)
252 CIII COMPUTE COMPONENTS PF CORNER DIFFRACTED FIELD PARALLEL
253 C1II AND PERPENDICULAR TO EDGE
254 312 EDPR-EIPR*DH*EXPH
255 EDPL.-EIPL*DS*EXPH
256 IF(.NOT.LSLOPE)CO TO 203
257 EOPR-EtIPR-EI PRP*DPH*EXPH/CMiPLX C0.,TPI*SP*SBO)
258 EDPLuEDPL,-EýPLP*DPS*EXPH/CMPLX.(0. ,TPI*SP*S30)
259 CIII COMPUTE CORNER DIFF11ACTEI) FIELDS INCIDENT ON PLATE MR IN
260 CiII PLATE COORDINATE SYSTEM
201 203 AI=EDPL*CIIA+EDPR*CI2A
202 A2n'EDPL*C2 1A4.EDPR*C22A
26a CIII COMPUTE CORNER DIFFRACTED FIELDS AFTER REFLECTION III RCS
264 EF*(AI*CP:)+A?*C~I2)/A.3
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205 EG=-(A2*CI+AIt*C21)/A3
206 CI!! COMPUTE THETA ANlD PHI COMPONENTS OF COkNER DIFFRACTED
207 Ci!l! REFLECTED FIELDS (ECTH, ECPH) IN RCS

S208 ECTHECTH-EF*CORN
269 ECPH=ECPH+EG*CORN
270 IF (.NOT.LDEBUG) GO TO 36
271 WRITE (6,*) DS,DH,EDPR#EDPL
272 WRITE (6,*) ECTHECPHCORN

S2WRITE (6,*) EF.EG
274 36 CONTINUE

¶ 275 IF(MC.EO..ME) GO TO 35
216 40 IF (.NOT.LTEST) GO TO 204
21l WRITE (6,205)
278 205 FORMAT (/,' TESTING DPLRPL SUBROUTINE')
279 WRITE (6,*) EDTh,EDPH,ECTHECPI*
280 WRITE (6,*) FR,,EMP°MR
28J 204 RETURN
282 END
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DPTNFW

PURPOSE

To compute the diffraction point for a ray which is diffracted
2'by a given edge and observed at a specified near field point of the

plate.

PERTINENT GEOMETRY

SOURCE
LOCATION OBSERVATIONI POINT X

I•11 DIFFRACTION
" SO

CORNER MEI

zXOSE- /-"

PLATE MP

Figure 60-- Geometry for finding the diffraction point with the
observation point in the near field of the plate.

METi 10

The diffraction point is found using similar triangles defined
by perpendiculars from the source and observation points to the edge
line. The diffraction point is given by

X =X + SSxXOSE ,SS + so

where the above qUantities are illustrated in Figure 60.

.176
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FLOW DIAGRAM

OPTNFW (XS.XO.E XEN.)

INPUT VARIABLES
XS xy,z components of source location

in RC$
XO x,Y,Z Components of observation pointin RCS
NP plate where diffraction occurs
NE edge on plate HP where diffraction

occurs

OUTPUT VARIABLES
XO -C,y.z components of diffraction point

location in RCS

STake dot-products and Ccnpute ]..

Sdiffraction point using similar
triangles to satisfy the laws

of diffraction

Return

t

SYMBOL DICTIONARY

, DIS'jANCE FROM SOURCE TO POINT XPS
SG UIS1ANCE FROM OBSERVATION POINT TO POINT XPO
IS 0uIS71A'4CE FROMI XPS TO XD ALONG EDGE LINE

- U'O PlOOU;'J .OF RAY FROM CORNER ME TO OBSERVATION
POINT AND EDGE UNIT VECTOR

XOSE DOT PROUUCT OF RAY FROM SOURCE TO O8SERVATION
POINT AND) EDGE UNIT VECTOR

X.S POINT ON LINE THROUGH EDGE ME CLOSEST TO
SuURCE

APO POINT ON LINE THROUGH EDGE ME CLOSEST TO
OBSERVATI UN POINT

Xbcý ULt PROVUCT OF WAY FROt CORNE4 AE TO SOURCE
ANJ, EDOE Ut! 12 VECTJR
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CODE LISTING

2 SUBROUTIVE DPTNFW( XS,XO,XD',ME,MP)

4 CH! DETERM1NES THE NEAR FIELD DIFFRACTION POINT ON A PLATE EDGE
5 Ctil

0 D1MENSION XS(3),AO(3),XPS(3),XPO(3),XD(3)
7 COAW4ON/OEOPLb"X(14*,6,3),V( 14,6'.3)VP(14,6,3),Vt 1U4,3)
b 2,)AEP(14)',MPX

5i XSCEu0.
to XOCEU$.
.1 XOSEWO.
12 DO 10 Nal.3
15 XSCE-XSCE+(XS(N)-X(M(P,MEN))*V(MPME.,N)
14 XOCEwXOCE+(XO(N)-X(MPME,N))*VOAP,ME.N)
lb 10 XOSE=XOSEN(XO(N)-XS(N) )*V(UPME,N)
to DO 20 Nm1,3
11 XPS(Ul)=XSCE*V(MP.,ME,N).X(M(P.ME,N)
18 20 XPO(N)mXOCE*VCM(P.MEN).X(MP,M~E,N)
ho' SSS(XS(1)-XPS(1))*(XS(I)-XPS(l)),(XS(2)-XPS(2))*(XS(2)-XPS(2))
20 2e(XS(3)-XPS(3U)*(XS(3)-XPS(3))
21 SSaSORT(SS)
22 SU=(XO(l)-XPC(fl)*(XO(1)-XPOCI )),(XO(2)-XPO(2))*(XO(2)-XPO(2))
2.3 2+(XO(3)-XPO(.3))*CX0C3)-XPO(3))
24 SO*SORTCSO)
25 TSmSS*X0SE/(SS4+SO)
26 DO 30 11l.13

21 0- XD(N)uXPS(N)+TS*V(MP.ME,N)
28 RETURN
2$' END
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+L
S i DQG32

PURPOSE

To numerically integrate a given function over a specified range.

METHOD

This subroutine uses a 32 point Gaussian quadrature formula to
compute the integral of a function(11]. The form of the integral
is given as

I Y = FCT(x)dx

FLOW DIAGRAM

IXG32(XLXUFCT,Y)
INPUT VARIABLES

XL lower limit of integration
XU upper limit of integration
FCT function being integrated

OPOUTPUT VARIABLES
I Y result of Integration

I _ _ _ _ _ _ _ _,
Fhfomintegrat ion

i l Returý

SYMBOL DICTIONARY

r•C• FUNCIION L)EFINIG THE INTEORAND
AL. LU'•I:W BOUNDf OF IWTrGRAL
AU UPPif ,IC.IW (0t; INIWRAL
Y wkhSUL' Li II•IUIi1L

Ii



CODE LISTING

2 SUBROUTINEi DC032 (XL, XUFCT,Y)
3 ciII
4 C11! 32 POINT GAUSSIAN QUADRATURE INTEGRATION ROUTINE

0 An.5D0*(XUGXL)
7 b-XU-XL
b C-.4986,319309247400*B

i o C-. 492805755i72d3D0*B
331 Y-Y+..8l7!07365452D-2*(FCT(A4C),FCT( A-C))
12 C-.4823W3 211937500*8
33 YxY'+* 12096032654631D-l*(FCT(AC)+PCT(A-C))
14 C-.46745S0379688600*B'
15 Y=Yi.17136931456510D-3*(FCT(A+C),FCT(A-C))
10 CsU.4481 o057788302DO.*B

11Y-Y*.2141794iv0Jl 13D.-1*(FCT(AC)+FCT(A-C))
lb C- .4246838 06 8662800*8
39 YsY4.25'.i,902963t 188D-I*(FCT(A.C)+FCT(A-C))
20 cm e.3972418979839700*B
21 YuY+.29342046739267D-l*(FCT(A+C)+FCT(A-C))
22 Ca.36609 30593703 4DO*B
23 YuY+.32933 331388180D-l*(FCT(A+C)+FCT(A-C))
24 C-.S33522313346510D0*13

2b Y*Ye.36 172 89705442 4D- I*CMCT (AC),+FCT (A -C)
20 C-.29385787862038D0*B

27 Y=Y+.39096947893535D-1*(FCT(A.C),FCT(A-C))
28 C- .2 53449954466.? 300*
2(p Y-Y*-.41655962.3 l3473D-1*(FCT(AC).FCT(A-C))
30 C- .23 06756380653.100*B
I YuY+.4382604650220ID-1*(PCT(A+C)+FCT(A-C))

22 C=. 36593'4303 34306D0*8
a YuY+.4558693934788 lO-t*(PCT(A+C)4FCT{A-C))

Cn...3 9643683 32606D0*8
35 Y=Y+.469,22 199540402O-1*(PCTCAC)+FCT(A-C))
3o C-.722359'8079139D-1*B
57 YuY+.478193600396370-3*(FCT(AC).FCT(A-C))

38 Co.24153832843869D-1*8
39. Y.B*(Y,.48270044257363D-3*(P:CT(Ae.C).RCT(A-C)))
40 RETURN
43 END
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A
OW

j PURPOSE

To determine wedge and slope diffraction coefficients for the
soft and hard boundary conditions.

METHOD

This subroutine calculates the edgediffraction and slope dif-
fraction coefficients for the hard and-soft boundary conditions using
the Uniform Geometrical Theory of Diffraction[4,51. The edge dif-
fraction coefficient has the form

D DI(R,¢-¢',sin8o,n) t DI(R,+*', slnBo,n),

where 0 is for the hard case and Ds is for the soft case and
n is the wedge angle number (FN).

The slope diffraction coefficient has the form

= DPI(R,¢-¢',sinao,n) ; DPI(R,t+¢',sinBo,n).

In both cases the 0-€' part refers to the incident part of the dif-I. fraction coefficient and *+€' refers to the reflection part. For
grazing incidence where *I=0, the diffraction coefficients have the
form

Dh = DI(L,¢,sin8o,n)

0s = 0

aDs
= DPI(L,¢,sin8o,n)

OD h1 .0.

An illustration of the weJge geometry is given in Figure 55.

181
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FLOW DIAGRAM

SWROUTINE OW(ODSOHiPSDPNR.PH.P,
SSO,NF,LSURF)
INPUT VARIABLES

R distance paramter
PH diffracted ray phi angle in edge-fixed

coordinate systom (in degrees)
PHP incident ray phi angle in edge-fixed

coordinate systm (in degrees)
S80 sine of 0 , the angle the rays make

with the IUge
FN wedge angle nuiber
LSURF set true if the source is wunted on

the surface of one of the plates
forming the vwdge

OUTPUT VARIABLES
DS edge diffraction coefficient for soft

boundary condition
OH edge diffraction coefficient for hard

boundary condition
CPS slope diffraction coefficient for soft

boundary condititon
OPH slope diffraction coefficient for hard

boundary condition

Compute incident cOmponent

Compute reflectedYes pdrt of diffraction|

coefficients

specify grazing incidence Compute tot&lcoefficients diffration

coefficients

182
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mrl
L •SYMBOL DICTIONARY

t Li N [ I:FEWRNCE ,ETWEEfl DIFFRACTION AND INCIDENCF ANGLE
L DI-P DIFFEWRNCE bETWF.ErN DIFFRACTION AND IMJAGE OF

INCIDENCE ANGLE
UN EDGE DIt+RACTION COEFFICIENT FOR THE HARD BOUNDARYI CASE
V I , INUCI DENT PAhFT OF EDGE DIFFRACTI ON COEFFI CI ENT
DIP RiFLECTION PART Ck: EDGE DISFRACTION COEFFICIENT
DPii SLOPE DIF;HRACTION COEFFICIENT FOR THE HARD BOUNDARY CASE
UPN INCIDENT PAhT OF SLOPE DIFFRACTION! CCEFFICIENT
OPP REFLECTION PART OF SLOPE DIFFRACTION COEFFICIENT
UPS SLOPE DIFtkACTIQN COEFFIECIENT FOR THE SOFT BOUNDARY CASE
us EWOE DIFFRACTION COEFFICIEN; FOR THE SOFT BOUNDARY

1 CASL
•tN W-LLE ANGLE NUMBER
LSU•F A LOGICAL VARIABLE THAT IS SET TRUF IF THE SOURCE

IS ;OUNTED (N THE SURFACE OF THE WEDGE (GI-AZING
INCIDENCE)

Pli DIFFRACTED hAY PHI ANGLE IN DEGREES
PHP INCIDENT kAY PH! ANGLE IN DEGREES
x DISIANCE PARAMETER
SW.c SIN(BO)

CODE LISTING

2 SUBROUTINE DWV( DS,DHDPSDPH, R, PHPHP,SBO,FN,LSURF)

4 ,i4! WEDUE DIFFRACTION AND SLOPE DIFFRACTION COEFFICIENT
5 CiI! FOR THE SOFT AND HARD BOUWIDARY CONDITIONS
0 ci!!

LOGICAL. LSURF
8 COMPLEX DIN, DIPDP,DPP,[)S.H.Dps,0DpH
ig UII! INCIDENI PART OF DIFFRACTION COEFFICIENT

I $ BETNPH-PHP
II CALL DI(DIN,R,BETN,SBO,FNI.,.FALSE.)
12 CALL DPI (DPN,R,8ETNtSBO,FRtB
13 IF(.N0T.LSURF)GO TO 10
14 CII! GRAZING INCIDENCE CASE
lb DSv( U. ,0.)
Ia 0 DH-DIN
it DPSmDPN
is DPHm(0.,00)
IV RETURN
20 10 CONTINUE
21 CIII REFLECTION PART OF DIFFfACTION COEFFICIENT
22 8ETPmPHfPHP
23 CALL DI(DIP,R,LETP,SBO,FN, .,.FALSE.)
24 CALL UPI (OPPR,8,.STP,SBOFt)
12 ) I)SmUIN-UtIP

17 VPS"I)pN+oPP
VI)PiSPN-OPP•.2) R•EI'U.N

2 8l
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DZ

P9ZPOSE

To compute the diffraction coefficient for an edge foraed by two
curved surfaces.

METHOD

This subroutine computes the diffraction coefficient for a curved
edge based on the uniform Geomerical Theory of Diffraction (4 1. The
diffraction coefficient is given by

_ e-j %14 r2 sijanlwfnFkL1 t( ]

/4

at c (142 ) [kLraca(44s1}

A2
where a(0) T 2Fs2 k2,1 a+(B)-2 Cos2 (2wn-B)/2, n is the wedge nuiler *
(FN), and L ,L , L are the distance pameters for the incident part,"
rtflection from the. n-surface and u-surface, respectively.

When the diffraction angle is close to one of the shadow boundaries,.
the following aWproximtion is used

+-. ejv/4 ejkjLjal+
a +

where the plus or sltis sign is chosen depending on which side of the I
shadow boundary the diffracton angle is on.

I1
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FLOW DIAGRAM

DZCDS.Z;NFL I .F&RNFLR0,P%,MS8.pnpj)
INPUT VAMIASLES

Fý'I distance Parweter for incident part
FLAN distince Parameter for ref lection from

the N-surface
FLRO distance Paraneter for reflection from

*,6 Sizoft Of0 Ve angl*te t .0 u
with the &Ige,

F" we~ge &VCn ufte I4 r

WMUhtT VAR1i8LES

0S f~fraction coefficient for- soft boundarycondi t f of#
0.4 diff?.ctton cofficieft for hard bourdary

cand; tion

f~o~ute inlcident part of

eciffacon cfftin

Cm~ute O-Sw'f ate pefiltq

coleiv~ent

II
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SYMBOL DICTIONARY
I

A ANGLE FUNCTION FOR INCIDENT AND O-SURFACE TRANSITION
FUNCTI o(XS

AP ANGLE K:WCTION FOR U-SURFACE TRANSITION FUNCTION
CSP COS(PNR/2.)
OH DIIFRACTI0N COEFFICIeJT FOR HARD BOUNI)ARY CONDITImN
us DIFFRACTION COEFFICI-ENT FOR SOFT BOUM)ARY CONDITION
F I CONFTANT FACTOR
e2 INCIDEqNT PAkT OF DIFFRACTION COEFFICIENT
F3 N-SURFACE PART OF DIFFRACTION COEFFICIENT
F4 O-SURFACE PART OF DIFFRACTION COEFFICIENT
FLI UISIANCE PAhAvETER PON THE INCIDENT COMPPIENT
FUHN DIS"LANCE PARA,4ETEJE FOR THE IEFLECTION FRO" THE

N-SURFACE
1:LO DIbtACE PAKAMIETER PFOR THE REFLEC"ION FRO T14E

O,-SU JRFACE
rN WEDGE AUGLE NUPBER
PNPk INCIDENIT RAY ANGLE IN RADI•AS
PHN DIF4AWTED kAY ANGLE IN RADIANIS
pRh DIFFERENC. I;ETo;EEN DIFFRACTION ANGLE Afl THE

INCIMENC&E ANGLE
PPkI DI'FERENCE .ETWNEW DIFFRACTION ANGLE AMD THE 11AIGE

01: WhE INCIDENCE ANGLESubi SINE 04I; 80
'Ah, I -SUFACE AGULAR MEPENODECE PF DI1FFRACTION

COEFF ICI ENT
TAN.2 O-SUIFACE ANGULAR DEPENDENCE 0,; DIFFRACTION COEFFICIENT

•. "'.
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CODE LISTING

;eSUbliOUTINii DZ( PS ,PH,FLI , P.RN .FLRiO, PHR, PHPRI,SPO,FNl)

4 clii cukvt~u EDfLb DIFFRACTIONi COEFFICIENT

CUMPL1EX FIKY,FI ,F2.F3,F4,0S.[)H,CJ
7 CUMAMQt4/PI5/PlTPI,UPk,RPD)

b PPHuPHW+PHiPi
y PX'.iPllk-PHPR

1L2 FI-CEXP(CMIPLXC0. ,-PI/4.))/(2.*FN*TPI*SRO)
.11 LH ! I:JCIDEH'i PARTM
12 CSP=UCCS(.5*P?'iR)
I. An 2. *CSF'*CSP
14 1F(A~B!(P~il-PI!).LT. I.E-5) 'GO TO 10
IS !.) F2-CMIPLX (COS(P I/Ffl)-COS (PMR/F1), 0.)
to F2m2.*SIý1 CPI/FNl)*FKY(FLI ,A)/F2

Il 00 TO l5
IS to) F2-CiiXP(CI¶PLX(ýl.,P1/4.,TPI*ARS(FlIl)*A))

I~ IF(C SP -Ll - 1)1 F2 -F2
i2=-t-2*rl:*TPI*CSOilT( CMPLX( FLI. a.))

21 C!!! ;-SUki:ACE REFLECTION PART
ý2 15 CSPmCOS(.5*(T~PI*Fr-'-PPk)).
23 ~AP=2.*C'zF-*CSPR

7A~1I-TAN((PI+PPRfl/(2.*FN))
5 I1 (AOS( 'AIN I) LT. I .E-5) 00 TO 20

r3 Y 0Ld N, AP )/TAN 1
17 Go 29;

rsClXP(CSP~LXT.V.) P/4 FI*3-F3N*A)

k3=- ;-* :*TP i*csfrT( CM.PLX( F! RN c.,.
L!! ~f! C-S(Ji'6ACE REFLECTION PAR7

'.1 ýb CSP-COS(.5*PPR)
A=2.*CSF*C5P
TA142=T AN (P I-P PR/(2 .*FN

t' Ir (A!.S (TAN2).,LT.1. E-5) GO TO 30~
F4=F;,Y(tLRC,.A)/TA112

7' GO iJ 3!;
1 -4=CEXP(CCMPL)1(I3.,PI/4.+TPI*ABS(FL-RO)*A))

z~ I F(C S -P. LT.r- F4 - F4
4ý rg4=z-r4*j';.N*TPI*CSORT(CMPLX(FLRO.C.))

ý.l L!!! TOTAL 1;Ih-icACTIoN COEFFICIENT
42 '- t US =F I * (j2 +F3+F 4)
43 UH=F I* W2 - F.3 4
-. ,. L!!!OIZU INCIDENCE CASE
'. rPHibT..E5 GO TO 40J

:)H=. 5*Dh
co1 IN E
k LTU,4 t
ki. i
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ENDIF

PURPOSE

To compute the fields due to the diffraction of source fields
from a given cylinder end capedge.

PERTINENT GEOMETRY

E' 

r

DI

Figure 61-- Illustration of diffraction point coordinate system.
A -

xE ix XEX + 9 XY +z XEZ

YE x YEX + y YEY + A YEZ
Z• E ZEX +yý ZEY + Z ZEZ

METHOD

The Geometrical Theory of Diffraction [4]is used to compute
the fields diffracted by the curved edges formed by the end cap disk
and the curved surface of the elliptic cylinder. The form of dif-
fraction coefficients for the curved edge are similar to that given
in subroutine DIFPLT except that the distance parameters and spread
factors are slightly different. The details are given on pages
127-131 of Reference 1. The fields from four possible diffraction
points on the edge are superimposed to give the total diffracted
field from one end cap. For small regicns of the radiation pattern,
it is posisble that three of the diffraction points will coalesce
into one point leaving two diffraciton points on the edge. When
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this happens a finite spike (psuedo caustic) of small angular ex-
"tent appears in the pattern. One way to correct for this is by

-, the use of an equivalent current solution[121. However, this
is costly in terms of computation time so it has not been included
at present. The overall solution is not effected significantly
by this approximation. The phases of the diffracted fields are
referred to the reference coordinate system origin and the total
field are represented as

ejkR

endcap Wm(EDTH6 + EDPH^) • ,
ejkR

where the factor e and the source weight (Wm) are added else-
where in the code.

1
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FLOW DIAGRAM

ENDIF (EDTN,EaPHNC)

EDTI4 theta-component of diffracted field in RCS
with phase referred to origin

ECPH phi-component of diffracted field in RCS
with phase referred to origin

NC end cap where diffraction occurs

fCalculate diffraction points

Step through diffraction point

II
Yes 

d<iffracted rah it a plate?

No

es incident ray hit a plate

EDTH-0

ReunCalculate incident field

E cal1culate diffraction pointcoordinate system unit ayesF and related geometry
Computie incident field d and ;

untvectors in diffr41Ltinon'd
point coordinate system
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7

Cuwriate crponents Of incident
feld parale and Perpendicular

I ,to edger

Calculate Phase telm
l(refia Phase to RCS origtn)

Calculate diffraction coefficients

SCo~te diffracted field co(me)ntS]

perpendicular And parallel

to the edg

CalcuaIFte diffracted field I and 2
POI•riZdt0ft vectors in dif actio•

Poit coordinate system

of diffracted field Im ACS

tested?

No
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SY1BOL DICTIONARY

AE RADIUS OF CURVATURE OF EDGE AT DIFFRACTION
POINT IN END CAP PLANE

Bo THE ANGLE THE INCIDENT (AND DIFFRACTED) RAY MAKES
WITH THE EDGE UNIT VECTOR

CBO COSINE OF B0 (DOT PRODUCT OF DIFF RAY AND
Z AXIS OF DIFFRACTION POINT COORD SYS)

CPE COSINE OF PHER
CTE COSINE OF THER
CTHI DOT PRODUCT OF INCIDFNT RAY PROPAGATION DIRECTION

UNII VECTOR AND CYLINDER UNIT NORMAL
CV COSINE OF VR
D X,Y,Z COMPONENTS OF PRO;AGATION DIRECTION

AFTER DIFFRACTION IN RCS
DH DIFFRACTION COEF FOR HARD BOUNDARY CONDITION
OHIT DISTANCE FROM SOURC9 TO NEAREST HIT (FROM PLAINT)
DI X,Y,Z COMPONENTS OF UNIT VECTOR OF INCIDENT

RAY PROPAGATION DIRECTION IN RCS
DS DIFFRACTION COEF. FOR SOFT BOUNDARY CONDITION
EDPH PHI COMPONENT OF DIFFRACTED E FI ELD IN RCS

WITH PHASE REFERRED TO RCS ORIGIN
EDPP COMPONENT OF DIFFRACTED FIELD PARALLEL TO EDGE
EDPR COMPONENT OF DIFFRACTED FIELD PERPENDICULAR

TO EDGE
EDTH THETA COMPONENT OF DIFFRACTED E FIELD IN RCS

WITH PHASE REFERRED TO RCS ORIGIN
EF THETA COMPONENT OF INCIDENT FIELD PATTERN FACTOR

IN IiCS
EG PHI COMPONENT OF INCIDENT FIELD PITTERN FACTOR

IN RCS
EIPP COMPONENT OF IKCIDENT E FIELD PARALLEL TO

EIPR COMPONENT OF INCIDENT E FIELD PERPENDICULAR TO
EDGE

EIX I

ElY X,Y,Z COMPONENTS OF INCIDENT FIELD PATTERN FACTOREIZ

Elo NORMALIZAfION CONSTANT FOR Z AXIS OF DIF POINT COORD SYS

EY X,YZ COMPONENTS DEFIMING UNIT EDGE VECTOR (Z AXIS
EZ •OF DIFFRACTION POINT COORD SYS)
FN WEDGE AMGLE NUMBER
I DO LOOP VARIABLE
LHI't SET TRUE IF RAY HITS A PLATE (FROM PLAINT)
Nc END CAP ltERE DIFFRACTION OCCURS
NOC SIGN CHANGE VARIABLE
PH COMPLEX PHASE COEFFICIENT
PHEDR PHI COMPONENT OF DIFFRACTED RAY DIRECTION IN

DIFFRACTION POINT COORDINATE SYSTE'
PHER P•11 COMPONENT OF INCIDENT RAY PROPAGATION DIRECTION

ig DIFFRItCTION POIN'T COORDINATE SYSTEM
PHEE POLARIbiTII•, UNIT VECTOR IN PHI DIRECTION
PHEY FOR INW. OR DIFFRACTED RAY IN DIFFRACTION: POINT
PHEZ COORDINATE SYSTEM IN (XY,Z) RCS COMPONEITS
PRIR PHI WOMPONENT OF INCIDENT RAY DIRECTION IN RCM
4R RADIUS OF CURVATURE OF CYLINDER SURFACE AT ODiP

POW,- IN 1-Y PLANE
RGAE RADIUS OF CURVATURE OF EDGE AT DIFFRACTION

POINT IN E.4V CAP PLANE
Soo SINE OF O0
SPE SIEE OF PHER
SPA) )
SPY XY Z COMPONEN'TS Of UtiIT VECTOR 0F PROPAGATION
SPZ 3DINECTION OF INCIDENT RAY
SSOO StIME OF SO SQUARED
STE sINE OF To a
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4.

SV SINE OF VR
T1 XYZ COMPONENTS DEFINING THE INCIDENT (OR DIFF)
;T2 RY PROPAGATION DIRECTION IN DIFFRACTION
T3 POINT COORD SYSTB4
THEI ITHETA COMPONENT OF DIFFRACTED RAY DIRECTION IN

DIFFRACTION POINT COORDINATE SYSTEM
THER THETA COMPONENT OF INCIDENT RAY PROPAOATIDN

DIRECTION IN DIFFRACTION POINT COORDINATE SYSTEM
THEX 1 POLARIZATION UNIT VECTCR IN THETA DIRECTION
ThEY FCR INCIDENT OR DIFFRACTED RAY IN DIFFRACTION
THEZ POINT COORD SYSTB( IN (XYZ) RCS COMPONENTS
THIR THETA COMPONENT OF INCIDENT RAY DIRECTION IN RCS
TOP COMPUTATIONAL VAPIABLE

"" UB XYZ COMPONENTS OF UNIT VECTOR TANGENT TO
CYLINDER AT DIFFRACTION POINT (2-D)

UN XtY,Z COMPONENTS OF UNIT NORMAL TO CYLINDER
AT DIFFRACTION POINT (2-D)

UNUNEM NORMALIZATION CONSTANT FOR EDGE UNIT NORMAL W,
UNEX1
UNEY XYZ COMPONENTS OF UNIT NORMAL TO EDGE IN
UNEZ END CAP PLANE IN RCS
V ELL ANGLES DEFINING (UP TO) 4 DIFFRACTION POINTS

ON EKI.) CAP NC
VR ELL ANGLE DEFINING DIFFRACTION POINT IN ERCS
VxS X,Y,Z COMPON.ENTS OF UNIT VECTORS DEFINING SOURCE

COORDINATE 6YSTEM AXES DIRECTIONS IN RCS
XC X,YQZ COMPONENTS OF DItFRACTION POINT LOCATION

IN RCS
XEX 1 X,Y,Z CC.IPONENTS DEFINING UNIT VECTOR OF X
XEY AXIS OF DIFFRACTION POINT COORDINATE SYSTEM
XEZ (VECTOR NORMAL TO EDGE AND PARALLEL TO END CAPPLANlE)
YEX X AND Z COMPONENTS DEFINING UNIT VECTOR OF Y AXIS
YEZ OF DIFF. POINT CCORD SYS (VECTOR NORMAL TO END CAP)
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CODE LISTING

2 SUBROUTINE ENDIF(EDTH,EDPHNC)

4C11! COMPUTE.' TE DIFFRACTED FIELD FROM THE END CAP RIM
5 Ci!!

o COMPLEX SDTH,FDPHi,EIX,EIY,EIZ,EIPR,EIPP,PH.EDPR,EDPP.DS,DH
COMPLEX CJ,CP14,EF,EG
D IMENSICN V(4),UN(2),U13(2).,DI(3),XC(3)
LOGICAL LHIT,LDEBUG,LTEST

10 COMMON/!IIH/D(3),THSR,PHSR,SPS,CPS,STH.-,CTHS
.11 COMMON/GEOME!JA,BZC(2),SNC(2),CNC(2),CTC(2)
12 CO1MMON/SOQIINF/XS(3),VXS(3,3)
I3 CU1A1AON.CO?4P/CJ,CPI4
3', COAMON/PIS/PI,TPI,DPR,RPD

15 COMMON/THPHUV/DT(3) ,lP(2)
10 COXIAON/TEST/WDEBUO),LTEST

18 EDPH-(o.,30.)

' v IF(LOEBUG) 3¶RITE(6,90(-)
230 Lill CALCULAIE DIFFRACTION POINTS
21 'p300 FORMAT(/,0 DEBUGGING ENDIF S13JROUTINEIE)
22 CALL LFPTCL(V,NC)
23 IFCLPEBUG) kIRITE(6,*) fICV
24 C!!! STEP THWI DIFFRACT"ION POINTS

00ý DO1 1-1.4
20 IF(V(I).LT.-50IR.) GO TO 2
27 C11! SET UP INCIDENT RAY OEOMETPY
2b VRuV(I)*RPD
2Sý SV-SIN0RF)

(a CVuCOS( VR)
I XC(t)-A*CV

32 XC(2)-B*SV
XC(3)-A*CTC(NC,)*CV+ZC(NC)

'.4 C!!! DOES DIFFRACTED RAY FIT A PLATE?t5 CALL PLAINT(XC,D,DHIT,O.LHITI
.36 IF(LHIT) GO TOI

SPXXXC(I)-XS(I)
b SPYatXC(2)-XS(2)

SPZ.ACCt)-XSC3)
430 SMoW1( SPX*SPXSPY*spySPZ*SPZ)

41 I sPXwSPX/sPM
42 SDYsSPY/SPM

43 SPZMSPZ/SPMk
-4. TOPoSORT(SPX*SPXSPY*SPY)
!) TH1R=BTAN2(T0P,SPZ)

40 PHIRiUBTAN2(SPY.SPXI
47 uI(I)-SPX
4b 01(2)mSPY

4o DI (3 )SPZ
t30 CU!l DOES INCIUEN! RAY H11 PLATE BEFORE END CAP?

51 CALL PLAINT{).S,0I,DHITd4,LHIT)
b2 IFCLHIT*ANDoaIHIT.LT.SPX)) 0O TO I
b3 Lill CALGULAF INCIDEtIT FIELD PATTERN FACTOR

54 CALL SOLRiCE(EF,E(G.EIX,IE[Y,EIZTHWiPfIUR,VXS)
5b F(LUEBUO) WRITE(6,*) EF,Fo
56 EXu-A*SV
!7 EYnb*CV
56 EL,%-A*CIC(NC)*SV

Ema5wT(EX*EX4.EY*l1Y4EZ*EZ)
NCCSINC

61 IF(NLCC.GT.I)NCCu-I
o2 C!11! CALCULAIE DIF. P0131 COORD. SYS UNIT AXES AND) RELATF.P 1EQ!4.j

0. UXuNCC*hX/E11
0# Y.NCC'WEY/EM

Cb~wf)t I )*EX.C'!2)*kY~l!(3)*E-Z
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07* SBOnSORT(I.-CBO#*CBO)

6V' SSBOmSprv*SBo
70 UNExabicv*sN0tNC)I71 UNEYuA*SV/StIC( NC)
12 UNEZuB*CNC(?IC)tCV
73 UNIEMnSORT( UNEX*UNEXUNEY*UNEYUNFZ*UNEZ)
14 UNEnhXU$
7t) UNEY=UNEY/UNEM'

16 UNEZOUNEZ/UNEIA
7) RGu( (A*A*SV*SVB*B*CV*CV )**( 1.5) )/A/B

78 RGAE-A*A*SV* SV.B*B*SNC( NC)*5NC(NC) *CV*CV
79 WOAEo(RGAE**I45)/A/B
a W EUOAE/SNC(.%C )/SNC(MN)

4*81 CALL NANDB(UN,UB*VR)
82 YEXu-CNC(NC)*NCC
83 YEZNSNC(NC)*NCC
84 XEX=-YEZ*EY

ab XEY*YEZ*EX-YEX*EZ
so XEZuYEXtEY
III TI aXEX*SPX+XEY*SPY*XEZ*SPZ
88 T2oYEX*EPX+Y&Z*SPZ
89 T3uEX*SPX+EY*SPY+EZ*SPZ
w0 THE1k8TAN2 (SCIITC TI*T 1*T2*T2) .-T3)

(f PHER=BTANZ (-72 ,-TI)
92 IF(PHER.L.T.O.) PHER=TPI+PfiER

43 FNoI.+ACOS(U14(1)*YEX)/PI
ir4 Wt(PHEH.GTJN*P.)0O TO I

Vb CTEuCOS(THER)
So STEuSINC1IE1W)
V, CP)ECOSCPIIER)

4.8 SPEwSIN(PHER)
VV' (;III CALCULATE INCIDENT FIELD THETA AND PHI POLARIZATION
100O U11! UNIT VECTORS
I o I IHEX*XX*CTE*CPE.YEX*CTESPE-EX*STE
1 02 T.HEYoXEY*CTE*CPE-EY*STE

*103 ThEZsXEZ*CTE*CPEYEZ*CTE*SPE--EZ*STE
104 PHEXu-XEX%-SPE4.YEX*cpE
105 PHEYU-XEY*SPE
1106 PtIE4-XEZ*SPE+4.YZ*CPE
107 CIII COMPVTE COMPONENTS OF INC. FIELD PERPENDICULAR AND) PARALLEL
108 Cill TO THE EDOE
104 EIPRuEIX*PHEX*EIY* FtEV4EIZ*PHEZ
fiI EIPPwEIX*THEX+EIY*T"IEY*EIZ*THEZ
III CIII COMPO~TE PARAMET91IS USED IN DIP. COEF. CALCULATIONS
112 TIwUNEX*(SPX-D( I ))*IJNEY.(SPY-O(2 ))44JEZ*(SPZ4(3))
113 Ro$PM*AS*SSBQY(AE*SSSO-TI*SPU)
114 FLI*SPM*SSBO
lit, FLROwSP&*5S50
I t0 TI.mVN( I)*Ut1EX+UN(2)*UNEY
III CTHIm-CSPX*UNI4 )+SPYtIJN(2))
fib IIRNWSPM*AE*SSBO$( AE*SSRO.2*T I CrHI *SPU)
119 NI$.8TAH2 (-SPX'UfB( I)-SPY*UB(2 ),-SPZ)
120 5SWaSIN(NR)**2

a SCWeCOS(WR)**2
122 S~aST2.8hCK4'C-*Il*QTHI
123 I4HO2SPA?
124 NHOImSPM*NGCO~HI/(CR*CDII2.*SN*SST2)
12b W(CMHZ.LT.1.E-511#HO10SPI'
126 I-R~l~*R0*SWR
12t TlwXEX*D( ,). EY*Dt2)*XEU*t3)
124) T2oYEX*D( I )*YE*D( 3)
12r' T3f#EX*W 1I.S9Y*D(2)*EZ*0t3)V 130 DIEDU~nkAfl?(&RnT(Tl'I.TZ*T2?7),T3)
131 PH8!J)RuW1AN2(72,TI)
13~2 1W!PHEDIt.tT.90. PffED4*TPZ.PHWDR
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1.ý13 IFPHEDH.GT.FN*pI)c;O TO I1.34 CTEuCOS(THEDR)
135i STE-SIN(THEDR)
i3o CPEwCOS(PHEDU)
137 SPEwSIN(PHEVR)
1I3k CII! CALCULAIE PHFSE TERM

1350 PH-CEXP(-Cj*T~pI*~Mspm)/p
140 PHmPH*CEXP(CJ*TPI*cXC(,)*o(t )*XC(2)*D(2).XC(3),O(3)))
141 CiII CALCULATE DIFFRACTION COE$FKCIENTS
142 CALL DZDHFIFRo:ROHn~ýESOFl
14.i IF(LDEBUG) WRITE(6**) FLIFLRNi,FLRO,PHiEDR,PHEJ1,SBO,FtI
144 IF(LDESUG) WRITE(6,*) OSOOK
145 tF(R.GEd.O 00 TO 5
146 RaABS(R)
W4 PHM(00,I.)*pH
14b 5 CQNT11UE
149 CIII CALCULATE DIF. FIELD C(IIPONE~rrS PERPENDICULAR AND PARALLEL
150 CilI TO THE EDGE
lb I EDPHU-DH*SORT(R)*EIPR*PH
1!)2 EUPPU-DS*SQRT(R)*EIPP*PH
153 CiI CALCULATE DIP. FIELD THETA AND PHI POLARIZATION UNIIT VECTORS154 THEXUXEX*CTE*CPEYEXICTE*SPE-.EX*STE

15 THEYxXEV.CTE*CPE-EY*$TE
I e THEtZUXEZ*CTE*CPEYEZ*CE*SPE..Z*STE
157 THEX-THEX
158 THEY-TIIEY

! THEZu-VIEZ
IOU PHEX.-XEX*SPEi+YEX*CPE
IO0I PHEY.-MEY*SPE
162 PHEZU-XEZ*SPE&YEZ*CPE CO103 CIII CALCULAIE THETA AN H OPONENTS OF DIP. FIELD IN RCSIC'. EOTHUIEDTH4EDPR*( PHEX*DT( I) .PEY*DT(2 )*PtEZ*DT( 3))105 EDTH.EDTI4.EDPP*c THEX*DT( I ) TIEY*DT(z ).THEZ*D?( 3))
lo0 EDPHOEDPHEDPR*c PIEX*DP I ),PHEY*IW(2))'1 17 EDPHUoEDPH.EDPP*(THEX*DP( I )THEY.DP(2))
168 1 CONTINUE
Iov 2 IP(.NOT.LTESI) RETURN

Iw WNITE( 6, 910)
171 ý.I0 FOW&MATI/,' TESTING ENDIF SlU8ROIJTINE")
172 WNITECC,*) EDTI4.EDPH,.JC
173 RETURN
114 END
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v FC

PURPOSE

This function computes the integrand for various Integrals used
" to compute the diffraction coefficient for an elliptic cylinder.

NETHOD

For the present code, only the Integrand defined for ID equal to
three is used. This is used to define the arc length between two points
on the elliptic cylinder. The arc length is given by

t 5sn05i /v FCT(v)dv

where

FCT(x) =A'snx B2cos2x

SYMBOL DICTIOMaRY

A2 THE SOUARE -F THE RAD1US OF THE ELLIPTIC CYLI|OEU
ON THE X-AXIS

82 THE SQUAPE CF THE -&ADIUS OF THE ELLIPTIC CV|ItDER
(34 IRE 1-Axile

CN COSINE OF x

ShEA THE ALSOLUTE VALUE OF THE SIlNE Of ThE A**E WASLOED
FIRM THE NEGATIVE Z-AXIS OF TIE CYLINDER TO THE
DIRECtION OF PROPAATICK

x THE AM19M OF TiE INTEMtAD OWFIING TWE EM140C
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CODE LISTINGS

2 AMMON01 FCT(X)

4 Lill ThESE AhE IN71CRmA~D oF AITeNUATION CO iF ICIENT IN4TEGQATION.

0COM4O#4/GEONEL/A, B.ZC(2 ) .9CC?) .CNC(2 ). CC(2)

AS2 a CO(2* X

Ic 0 a (A2*825SNA)**(I./3.)
it GIN a 3.*CA2-82)/Q
Is F a SGRI (A2'SN'94$02*CS*CS)
I %P IF (IL .EQ. 3) GO TO 3
2u IF (10 O. 2) 00 T0?
21 le (ID ,EO. 4) GO TO 4
22 IF CIi .EQ. 5) GO0T05
23 RLT a W

26 FCT a O.C*St4AiCF*F'F)
20 ETUIW

28 KETUIkN
2s ' 17T a GINCS2/F

F CT a .15*CA2-b2)*GZN.SM2*SN22/F/FtF
52 RETU0N

E2UD
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U1

LFFC

PURPOSE

The purpose of this function is to determilie the transition
* function for the edge and corner diffraction coefficients.

The transition function for the edge and corner diff action coef-
* - ficients is given by(4):

FFCT(x) a 2jfI eJx dr.
Ii;I

This can also be written as

SFFCT(x) j J~ xx ~ (O.5-JO.5)-( I-J,1

where
.t 2

f et mC() -JS(a).I 0
SYMtOL DICTIOWMRY

* C~irk WMEi PAMT (W FRESNEL INTEGRAL
SULL ACGIIUENT !W TROANSITtO FIWCTION
eaVT T31DSITI ON FUNCTION
S AIWI)*Nl OF FftiEMt LITNGMAL
! •L SM(AOStUEL))

* 541 IWACINIAII PART OF FRMt• INTEGRAL

I CO LISTING

•:3 CIllI¢I
iS Li 'N CWA0-4.W *NCOM4M

a l oi. F•eIl, FR T(O+L)S~tIOWT Ant ~c AWL? lC t8

/. #~~I! £] FClrItC 1IF• CZ(I ~~iqCOrFCEl/• aS .•l,)
celia ,t.**MA

*o mai
* I' £UI•

tt
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•'•- FKARG

PURPOSE

To compute a parameter needed in the diffraction coefficient for
the elliptic cylinder.

METHOD

This subro~itine computes the parameter used in the diffraction
coefficient to determine the fields scattered from the elliptic cyl-
inder. This parameter is given by [61,

- ~Q2

f 11/3 -2/3 dt,
Qi 0

where ip s the radius of curvature of the elliptic cylinder in the
plane oI propagation. This can also be written as

.Vf dv1:,1/2 213 11all3 f d

where

SK WIG
ALR

v1 = VIR
Vf = VFR.

FLOW DIAGRAM

MOONKI6L ,VIR,YFR)
IImIJ VARIABL.E;

ALA anll ray path on cylinder makes with axis
SVIA *1 iptical angle 4efining lower limit'•.of integration

VRP elliptical angle defining upper limit
of intogration

OUTPUT VARILE
SKWIG r1sult of integration

PI r 00 intgraio1
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SYMBOL DICTIONARY

ALR ANGLE MEASURED FPOIM NEGATIVE Z-AXIS IN THE DIRECTION
OF PROPAGATION

ANS THE EVALUATED INTEGRAL
FUN' INThORAND OF THE INTEGRAL
SK~IU PARAMETER USED TO DEFINE CURVED SURFACE AT THE POINT

OF DIFFRAHCTION
_ VFR ELLIPTICAL ATGILE DEFINING THE DIFFRACTION ANGLE

POSITION ON THE CYLINDER
VIR ELLIPTICAL ANGLE DEFINING THE INCIDENT ANGLE POSITION

ON CYLINDER

I

CODE LISTING

-I --..........................................................
2 SUbHOUTINE FKAHG(SKNIGALRVIRVFR)

Cl; !!
4 LM!! CUMPUTE! THE PARAMETER NEEDED IN THE DIFFRACTION
b CU!l CoEt+ICIENT FOR THE ELLIPTIC CYLINDER
q CM!
"7 CUMMON/PIS/PI,TPI,DPR,RPD

COMM•ONi/GEOMEL/A, B.ZC(2). SNC( 2) .CNC (2) ,CTC(2)
EXTERNAL FUNI
It-(ABS(VIR-VFR).LT.l.E-5)GO TO I

'II SMVI O=(PI*ABS(S1N(ALR) ))**(!I./3. )

12 SfoI G=SKW G* ((A*B)** (2.13.))
CALL 0)0L-2(VIR,VFR.FUNI.ANS)

I', SKWI G=SKhIo *AN$
1b SK1116AbE(SK, IG)
lo RETURIN
17 1 SKhIo•.
lb RETURN

END

2

I
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FKY

PURPOSE

This function is used in computing the transition function for
curved edge diffraction.

METHOD

The transition function for the diffraction coefficient of an edge
in a curved surface is the same as for a straight wedge, except that
the curved edge function takes into account the possibility of the dis-
tance parameter being npgative. The transition function is given by [4 ]

F(x) = 2JiJ-xeJx f e 2 dT,

where x = kLa,

and k = x

L a distance parameter

a = a function dependent on the square of the cosine of the
incident and diffraction angles and the wedge angle number.

The transition function can then be written as,

F(kLa) =J21r I-a ejktLIa [Lai5 -(c2~II~) a~ 2 ~ )J

for L>O

and

F(kLa) = F*(klLla) , for L<O

where the "*" means the complex conjugate and

S-iJ t'
f e dt - C(a) - JS(a).
0

The above equation relates to the function FKY as,

FKY(L/X,a) = F(kLa) .

202
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SYMBOL DICTIONARY

A PARAMETER DEPENDANT ON THE INCIDENT AND DIFFRACTED
ANGLES

C REAL PART OF FRESNEL INTEGRAL
FKY TRANSITION FUNCTION
FL THE DISIANCE PARAMETER IN WAVELENGTHS

_FLA ABSOLUTE VALUE OF FL
S IMAGINARY PART OF FRESNEL INTEGRAL
XS ARGUMENT OF FRESNEL INTEGRAL

CODE LISTING

4" 2 FUNC•TIO FKY(FLA)

Cu11 TRANSITION FUNCTION FOR CURVED EDGE DIFFRACTION
] b (1 II1

.o COMPLEX FKY
"COWU40N/PIS/PITPI ,DPR 9 RPD
FLA=ASSPFL)

,, XSN2 ,*SRT(FLA*A)
10 F(wYCM1PLX(,.,TPI)*SORT(FLA*A)
I I FKY-FA(Y*CEXP(CMPLX(o.,TPI*FLA*A))
12 CALL FRNELS(C, S, XS)

FKYuFKY*CkfPLX(.5-C,S-.5)
IF(FL.GE.O.) RETURN
Fi(YuCONJG(FKY)I o RE7.U Rs.

17 " END

203f
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FRNELS

PURPOSE

To compute the Fresnel integral,

Xs -Ji/ 2 u2

f(xs)= f e du -C(xs j S(x S)
0 0

METHOD

The integral is evaluated using an approximation by J. Boersna [13].
The integral 1

f(x) = e' t- dt I

is approximated as follows: I
-ix II (a+1n

for O<x<4 f(x) = e x. (a0+ib

J-x 7- 11 ' n

for x>4 f(x) = 1+e J(Cn+Jdn)(4n )

(the constants a , b , c and d are provided by Boersma and are defined 1
in data statements iA th8 subroUtine).

Note that by performing a change of variable, the integral to be
solved becomes of the form of the integral which Boersma solved;

By applying this change of variable, we get
xs -ij U2 xe-

f(xs)u -f e du f - dt
0 o 1--t

1[2
where x Y~ x so

-. ~ 1 .--- --



£ FLOW DIAGRAM

Sr WJ LS ic s,Sxs)'
SIJUVT VARIABLES

."~~r rUT lui•mi••t of IntegratiOn

• :• C real part of solution
•:S Imlaginary part of the solution

SeCIfy coostants a. be,, %*

Evaluate integral using
ap, or •ate approia•l.ton

Reur

SYMBOL DICTIWt4RY

a). CONSTANTS USED IN EVALUATING INTEGRAL

1: INMAGINARY COMPONENT OF SUMMATION FUNCTION
-F WiAL COMPONENT OF SUMWATION FUNCTION

?..._

m 20.
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CODE LISTING

2 SUSIIOUTIME FRNELS(C,S,XS)

4 V3 11 THIS IS THE FRESNEI. INTEGRAL SIUBROUI~fNE WHERE THE INTEGRAL
5 CiII IS FROM Us0 TO XS, THE INrEORAD :S EXPC-J*PI/2.*IJ*U),
0 C111 AND THW OUTPUrr IS C(XSI-J*S(XS).
7 C111
a LOGICAL LOEI3UG,LTEST
v COPAJONI*TEST/LDEBUO ,LTEST
to COX.MONPIPS.VPZ,TPItOPR.RPD
Ii DIMENSION A(t2),B( 12),~CCI2) 4(12)
12 C111 SPECIFY CONSTANTS
13 DATA Al I.5951691 40,-6. 00001 7292-6.86956M54.-0. 00676361,6.92669

14 292,-0.016898657,-3.0504S5660,-0.075752A)9,0.850663781 ,-4.J2
b63904

15 219,-0. 151?2309609,0034404779/
I o DATA 81-0.90090033, 4.255387524,-.-0501928 16.-?. 7R69129400, .669

17 2089 ,5.075 16129e,-0. 138341947,-I .363729124,-0.*413349276,4070
222201

)a 26,-0.216195929,0.019547031/
I P DATA CC/f. ,-0.024933975 ,0.00003936,0. 015774956,01.01M89892,-6.00

20 2497136,0.011 948809,-0.606748873, 0.68646420,0.66210296?7.4.0
0121 7V

21 230,0.000233939/
22 DATA D/0.I99471t48.0.000I%623.4.00@9351341,0.U666236, 0.0048514

a
23 26,0.eBIi03218,-@.017122914.0.02908467,.9.027928955,89.61M97

24 a.005598 ts,o.jwa038386/
25 IF(XS.LE.O.0) GO TO 414

2lo X aXS xxn.

20 FIEuO.0
20 F~m0.0

31 Ciii IS X04?

38 IF(-4.) 19,0.40"

43 10 YQOTOI
44 0 It EVALUATE INTEGRAL USING X44 APPRiOXIMATION
45 20 KwK-I

47 Fft(FR.*C(K))*Y
46 fl*4FI*8(KI)'Y

38 (M-2 V,30,20

41 i.0.5.FR.COS(X)*F1SINC Xi)*SORT(Y)
42 Sd0.Fj5*SINCX)-FgV0S(X)I ,.UTCYi
43 GO TO I
45 454 C"Ou

602 0,0,
5a cu FaF ft(.lJO.TS)

lo 4FlDl

52 Coo.S(FR*COS()+FI*St4X)*DTY



t)% 3 FORMAT (/,f TESTIHO(l FRNELS SUBROUT INEO)

o2 ENE)
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FUNI

PURPOSE

This function calculates the integrand of the integral in subroutine
FKARG.

METHOD

The integrand of this integral evaluated in subroutine FKARG isg iven by

FUNI(VR)=i
JA 2 sin2(VR)+B2cos2(VR)

SYMBOL DICTIONARY

A WADIUS OF CNLINDER ON X-AXIS
U kADIUS OF CYLINDER ON Y-AXIS
VN ELLIPTIC ANGLE ON CYLINDER IN RADIANS

CODE LISTING

rUN.;TON OUNI(VR)

A t. Ii INZIUGOAND CF IN"TEGRI1AL NEEDEn IN FKAIti

0 CUI.WOONU/(,.EOMEL/A, B,ZCt(2). 91C(2) ,CNC(2).CTC(2)
7 iUNIml eSoK (A*A.SIN(VlUW) #s5I (V$0). 0e8OcS(VR) *COS (VR)

FEID

208
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GEOM

PURPOSE

This subroutine calculates a large ,umber of constants that are
fixed for a given geometry of plates. They are sto-ed in common blocks
for use in other sections of the program. It is called once for every
source used. Because of the diversity of operations done in GEON, it's

1 description is broken into seven parts:

1. Identify edges which are common to more than one plate.
2. Compute unit vectors of edge-fixed coordinate systems for each

edge on each plate.
""• Determine source image information for reflections from plates.
4. Calculate possible range for diffraction angle 0 for each edge.
5. Determine wedge angles for plates with cumon edges.
6. Determine plates which are totally shadowed from the source.
7. Perform calculations for plates which intersect.

I

li209
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GEOM, SECTION 1

PURPOSE

To identify edges which are common to two plates.

PERTINENT GEOMETRY

210



FLOW DIAGRAM

Sot FMW fwtdge anle uierl
equal to 2 for all Iedges

* Steo trwough plates

(variaolt a O

vi*10 i Pe

I* , toia '

211



CODE LISTING -

2 SUBROUTINE 0208
.3 C1ll
4 C11i THIS ROUTINE COM4PUTES ALL THE2 GEOMETRY ASSOCIATED
5 C111 WITH FIXED PLATE STRUCTUAE,SUCN AS ECXWE UNIT VECTORS.
o C1I! PLATE NORMALSOSIADONED PLATES.ETC.
7 ciII
8 DIMENSILN IHIT(6),XII(3),XINl(3).Vn13),DS(31.XC(3).XSI(3).XSII(3)
v DIMENSION XOBL3).XD)C(3),VTCP(2).BTCP(4).VTCtJC2).BTCN(4)

10 DIMENSWIU VAXC3,3)
Ill LOGICAL LSURF.LPL
32 LOGICAL LSHP,LSTDLSTS.LCTD.LJICT.LNIT
I.) LOGICAL LCIJND.LtiIV,Lr.EBUGLTEST
.4 COMMON/TFST/W)-HUG, ITEST

10 Lis&A*JQSOPf.A/X(I4,0s.3),VI 14,6,3),VP(14,0,3¾.VM(14,3)
I-, 2,MSEPCI14).flPX
3d COwMNCUD-MAG/y~t#O 1406)
1$i CobkL*/SCfti *r-F/ XS; 1:.VXS(f3d2)

20 COtMOOJIIMAP.4 !4'XZ (I1,,14.3 1,YX(1.3,14t)
21 COMMWJ/LN0FCL/EWIC.146,2)
22 COEIUU/SWIFAC/LS~kftF; 4)
235 COMON/LSHflT/SH11I C4), Litt( 1t, 14)
24 COMCr*lQ/LSHVP4LSTS,LSTD( 14)

20COV.MQC/bITPLT/XIPH

28 CIOfP n. tr
2V C0WuNGtWRumL/LGiJU). -tV :tii

.36 ULSSw-ALSE.
31 C!!! SECT! CR I ftffnlt* t~tllll
-ý4 C 11 ! UTEhWAINATIU? til* CGWtCN EDGCES
.13 tl It SEiT RiPr' FOCl AU. tcs
34 DO 3 MpSIHPWR

DOC- 3 UjjEII.-uJ
.37 3 FN#USP0.k&)C.
3bs C111 I! )EP 1TKu0Cfl PLAT*S (PLATE- #P)

Al C111 S5*9 TKOCUQI PLATIES (PLATE I&C, MUSE 1OKEI
42 00 to wwtI ,0P

43 IFIM0Eco.M~P) Go TO 16
44L olxugEP(mQ)

.40 -Ki
47 C111 STEP A2-*.:'D SOG$S M~ PLATE S
40 !CIrEeztl.-1k

V6 III Sic-* &RCt!4) &nK*S Ofl PLATE iCC
Do s ~lw

15* C111 IS CGQ%fU ta 4214 PLATE 0' CLOSE TO CC4tr,6 AF C04 POatm V4

IF Ilt. L .O .0n 11 TO 6
t6 65 cclt Ina

00 T c04kU
c4A I SioI,

o~ ~ ~ 4o! U~~ ILb Ir rJze K&IE1;;C0UC%-r <-V& S ONC 1W PLATE"

cc212



ot 00 TO12
J68 ES=MEi-A EC
IF(MES.EO.I.OIR.MES.).EO.MEX) GO TO IS

70i 0 TOTI12

72 IF(RES.I.EQ.NAEX) LtEUmMEX
73 OMS1ABS(AF-'pfc)
74 IF(Mr-S.EO0.l.CIR.MFS+I.EQ.UlFX) GO TO 19
7b GO TO12

77 IFCNFS4I.EO*YIX) MFoflF
78 IF(MIF-MFC.EO#-l) MIJFNMF

',V Ih(INP(9P,&kEfI).GT.0.) GO TO 9
80) NFN.11jp(mpIel)-.5

82 IF011Mt.EO.3502 GO TO 12
83 Is CONT114UE
84 CM! STORE WHICH EEJGE IS COW1441 TO TPE SMlE BEING TESTED
85 C111 FOR LATER USE 1,11 DEFIMING N3EtlE PMtLE5

86 12 COSTINUE
UV 16 CONJTINUE
Via 37 CONTINUE

%?I IF (WUkCG) ýkITE (6,667)I ~V2 W0 FURMAY (4' VESUU~ING GEM~ SUPO&WTZIEI)

21 3



GEOH SECTsON 2

PUPPOSE

This section computes the edge-fixed coordinate system unit
vectors for each edge.

PERTINENT GEOMETRY

CRE CORNER ME

1 "01 MP, ME

VN EDGE ME

-*q"-LATE MP

\CORNER ME+I

X
-- • •UP, ME +I

Vi ! Figure 63--Edge coordinate system unit vectors.

edge unit vector = x V(MP,ME,I) + y V(MP,ME,2) + i V(MP,ME,3)

VNMp = plate unit normal = •' VN(MP,1) + y VN(MP,2) + I VN(MP,3)
A

VPMPME = edge unit binormal = • VP(MP,ME,1) + ý VP(MP,ME,2)
+ 2 VP(MP,ME,3)

""MPME = corner location = I X(MP,ME,1) + A, X(MP,ME,2) + ' X(MP,ME,3)

METHOD

The edge unit vectors are found by,

Ai ̂XMP,ME+I 'MP,,MESVMp, MEVMPME IXMP'ME+1 -MPMEI

The normals are found using

MEX^-- '•V XZ ~ Vp 1
• =lMPN x MPN+SVNMp = E A A

1ý=l VMP,N x VMP,N+Il

214

*i " ----- r'r--'|-----r-.-~

'. ,' 4 ' .. . .. . . . . " • ' " " " ' ~ ; " - 'r ' '



which is an average over the normals computeu by all the edges of
the plate. This avoids a possible Incorrect normal due to a convex
edge geometry. The binormals are found by,

VMP,ME VNMP x 1MP,ME.

215
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FLOW DIAGRAM

Step through plates. ..

(variable RP)

Step through edge(variable x ME)

Calculate edge unit vector V and edge length VMAG]

/32
VMAG (X(MP,ME+1,N) - X(MPME,N))2

(MPMEN) (X(MPME.1,N) X(MP,ME,N))/VMAG

Calculate plate unit normal VN.

Take cross product of edge
unit vectors and normalize

Check to see if plates are flat.

Take dot product between plate normal

and edge vector for each edge (except
I and 2) If product Is greater than

• • I 10"5 abort

(variabe-

Calculate edge binormal V'P (rormal to edge,J

parallel to plate)
Take cross product of plate normal

and edge unit vector

To sect'on 3

216
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-CODE LISTING 2************~*
93 Cl 1! SECT-oi 2
94 ClI!!DtE¶IAN OF V,VN,AN4D VP UNIT VECTORS FOR EDGE-FIXED
95 Cl 11 COORDINATE SYSTEM
9o CiII STEP THIRV PLATES

491 DO 200 Mp-tl,MpYJ?
98 MEXaM9EV(Mp)
99 CIII StEP itFkU EDGES
100 DO 15 ME-1.,MEX
101 1YMEnME.1
1, 02 IF(MME.GT6MEX) MM2aI103 Vl~o.,
104 C11! CAq.CULATE EDGE UNIT VECTOR~ V AND EDCE LENGTH VMAG
105 00 10 Nflu IJ306 V(PMXp E,).X p EN4 307~~~~~o 10 V*MCPU,)VM~~1
106 VMAOMP. ME) *SORT(VIA)
10fS, DOll1 Nal.3
(to It 1 V(MP,ME,Nu)VcMP,ME.fl/VMAc(MP i/El
l111 15 CONTINUE
112 IF(.NOT.LDEBUG)GO TO 991
.113 DO 992 AEwl.1'EX
114
.1)5 992 CONTINUE
110 ýsv I CONTINUE
III C!l! CAI.CULAIC PLATE UNIT NORMAL VN.118 VN(MP,I)-O.
11y VN(mP,2)wo.
120 VN(A(P,3)=O.
121 DO 22 hlEml,MEX
122 MvmmEf.:

123 l)-V(MPMV.2lkupMK,3)
124 VN(MiP,2)wV.1Np,2ýP)+V(N!PtME,.3)*VctP,MIV,l)-V(,AP,lAV.3)*VQ.1P,,'E,3)
125 )-V)*V( P,MV,2)VM,:!)*Vc!Ap,,,E.2
127 22 CONTINUE
128 VNM=P.
129 Y 0 20 Nftl,3
130J 2k; Vh~VN h+VN04P, N) *7N(MP.N)
1.31 VrIM=SQMT(Vflpm)
132 00 2t t'a 1.3
133 21 VN (10,N)&V N(MP, N)/VNIA
1.34 113 (LUJEUG) ~1ITE (6,*) (VN(MP,,N)dra!.3)
1.35 011I INSURE THAT ALL PLATES ARE FLAT. OTHERWISE ABORTI130 01!! TAKE DOI' PRODUCT OF P!.ATE NORMAL WN EACH SEDGE UNIT VECTOR137 00 120 AIuti3,A(EX
138 DOTftVN(MP, I )*V0.iP,lE, )*VN4(MP,2)*V(CMP.Mrc )4.Vl(iPp,3)*V(MiP.ME,3)1391 IF(A135(LOT).LT.l.E-.3 300 TO 120
140 14FEUM E+I
341 WRITEC6, i21)UP,40i
142 121 FOHMATC"4 PLATE # 0,12 -' IS NOT FLAT! CORNER # 0,12,0 HAS Of141 ý4PROBLEM. PROORAM ABOASI ****P

.144 STOP
145 120 CONTINUE
146 Cl! CALCULATE UNIT !BINORMAL VP WHICH IS IN PLATE PLANE147 C1II AND PERPEND ICULAR TO PLATE EDGE148 C11! TAKE CHo5s PRODUCT OF PLATE NORMAL AND EDGE VECTOR14V DN 30 ME-I ,MEX
ISo MP~EIV p2*(pE 3)..VN(JAP,3)*V(,I IAE2 )151l VP(Mp,?4AE,2)uVN(MP.3)*V(9P ME I )-.N.IPN1p)*VeMfP AIE,3)
153 IFC.NOT.LDFBUG)G0 TO 993
164 00 V94 AEl,MEX
15b 994 WHRrc(o *)CVP(MP#4E.N) NaI ,3)bfW3 CONTINUE
17IkV CONTINUE

217



! L

L

GEOM SECTION 3 L
PURPOSE

To calculate source image information for reflection from plates.

PERTINENT GEOMETRY

SOURCE
LOCAT ION

XS ,r.sPLATE MPP

, \I
/\

-/ PLATE MP
/\

/\
/\

SINGLE REFLECTION
IMAGE LOCATION
--- UP, UP DOUBLE REFLECTION

I MAGE LOCATION

XuMP. MPP

tigure 64--Geometry of image locations for a doubly-reflected ray.

218
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I FLOW DIAGRAM

1 1. Determination of Single reflection source ijage locations and the
constant. FACTOR

j (vatriable * rp'lP)

Calculate single reflection
image location

IsN

plaeti sourfce:

set LSURVMP)SURUENFAPTOFuI.

otherwise. set LSURF(NU)nFALSE,FACTOAnO.5

219



2. Calculate doujble reflection source 'sage locations

of te surcecoodiStep sthrmg pates ui etr)

cl te oul s eection img

I . 't

220 1
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ISO C IfI SECT ION
ISV CHII DETERMINATION OP SOURCE IMAGE IN1FORMATION FOR SINGLE
log CiI AND DOIJLLE REFLECTION FROM PLATES
lot CIII 1. PETEkNINATIOtI OF SINGLE REFLECTION SOURCE IMAGE LOCATIONS
102 CIII AND THE CONSTANTr, FACTOR, FOR SOURCES 0OUI#TED ON4 TIE PLATE
203 C111 SUJRFACES
164 FACTO~aI.
16S CiI STEP TliRU PLATES
166 DO so IAPUI,MPXR
167 LSURF(U.P)=.FALSE.
1686 CIII CALCULATE SINGLE REFLECTION IMAGE LOCATION
tov, CALL I(P.GE(XII,XS,AN,MP)
170 CIII IS ANTEI,-NA MOUNTED) ON PLATE PLANE?
171 IF(ABS(ANJ).OT.I*E-S)GO TO 6S60
172 CHII MOVE SOURCE LOCATION SLIGiTLY OFF PLATE IN DIRECTIOIN
~113CH OF PLATE NOklAL

174 DO 566 Vs1,3
115 506 XSICNlu)LS(N)*I.E-5*VNP!AP,tl)

1-6 CALL IMAGE(XS!I,XSI,PN,'IP)
177 Osmue.

Ie DO 50S N-1$3
1,09 DS(N)msXI(2I)-XSIIQU)
180 to3 DSlauDSII.DS(N)*OS(I!)
181 DSM.OWRT(0514)
182 DO 564 N14.23
183 XINIII)u).SII(N)
184 564 DS(N)aDS(N)/DSMA
185 CALL PLAINTCXIII,DS,DHIT,-XP,LHIT)
286 IF(,HOT.LHIT)GO TO 560
187 DO 567 NnI,3

bb XSCU~uXSIUIj)
189 507 XII(N)u)~sII(t)

lw ENOR~iuVVflP, I)*VXSCS,1 ),VNUP,2)*VYS(3,2';,+VN4(IP.31*VXS(3.3)
lipt IFCI1-1.NE.0)OO TO 561

ip,2 C111 IS MONOPOLE !.ORMAL TO PLATE?
Iio3 IF(I.-AbS(ENORI4).GT.1.E-3)G0 TO 562
1io4 LSURlFUII)-.TRUE.I ivs GO TO 560
Ivo io2 FACTOINu0.5
I$10 GO TO !0&
I i'a' CIII IS SLOT III PLATE PLM&iE

* Iu', 561 IF(A~s(ENORm).GT.I.E-3)G0 TO 5w0
* I gev LSURFNMP)u.TRUE.

401 FACTOI4.2.
2b~2 56(d DO 50 N=1,3
293 bO X I(All, UP N)mallIICIN)
2144 CIII 2- CALCUJLATE DOUBLE REFLECTION SOURCE IMAGE LOCATIONS
295 DO 55MPIl,MPXR
290 DO 53 UPPIl,YPXR
207 IF4MP*EO.MPP) GO TO 55
288 00 St 11*1,3

2110 CALL IMAGE(XIZ,XIN,A.%,NPP)
2.11 DO052 Mu1.3
212 b2 XI (MPMPP'NwII.X111)
213 b5 CONTINUE
214 fF (LDEOUG) WRITE (690) (uX1PhIPlNot, 311.:APsI.MPXR) ,

218 c CIt 3. 0ETEkMINATION 0f SZINGU REFLECTION IMAGE DIPOLE
217 Cill DIRECTIONS
218 005S7 MPmI,UPXI
21v CALL IIIDIR4VA)I*VXtS*MP)
220 0O057 114.1,3
221 D057N161,11.
222 b7 V*I(NI4IVtJ.NP)mVAXflNI.NJ'
223 IF(.NOT*L.WFdUGJO) TO S5'
224 00 S52 NPoIJOPXR
225 00 562 Nie#.*~
U60 W5 URtTE(6,*) 98 (I(IU)14a.)
227 W5 courtzll"

221



GEOM SECTION 4

PURPOSE

To determine permissible range for angle Bo for diffraction
of source ray off of plate edg.

PERTINENT GEOMETRY

*---CONER ME

V11 A

teo "-EDGE ME

t CORNER ME+I, XI

SOURCE LOCATION XS PLATE UP

Figure 65--Geometry for determining diffraction angle range.

METHOD

The law of diffraction dictates that diffraction from a plate
edge is possible when

cOSA 1 cos:o8 COS8 2,

where 0 is the angle that the incident and diffracted rays make
with thS edge (see Figure 65). $ and 8, are diffraction angle
limits and are defined In terms or their cosines as:

D8(?UNE,1) • cosaa - .

BO(MPME,Z) • cos82 . V12.e,

222



"i r

S ME+1 -

SVI2 N E

4 The vectors mentioned above relate to the code as follows:

'ME x X(MP,ME,1) + y X(MPME,2) + kX(MP,E,3)
4b A A

= x XS(1) + y XS(2) + z XS(3)

V = x V(MP,ME,1) + y VIMP,ME,2) + z V(NP,ME,3).

' I

.'22.
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FLOW DIAGRAM
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s.
j CODE LISTING

228 Cill SECT I ON 4 * **44*~****j 22V CiII OETEIIMINATIOII1 OF PERIIISSALE RPNGE FOR DIFFRACTIONJ AflGLE
230 CiII LOOP TW4U PLATES
231 DO 42 XPaI MPXI?
232 MEX.EPimP;
233 CMt LOOP THI'U CORNERS
234 DO 41 KEwI,IIEX
235 VIRSO.
23a el It CALCULATE VECTrO2 VI FROM $MARCE TO CORUEER :M OF PLATE UP
237 00 40~ NsI,3
238 VICN).X(MP.ME.N)-XS(N)
2.39 40 VIXOVJU*VI(tI)*VJ(N)
24(d VIM.SORT(VIM.)
2.41 CIII LOOP THRU BMT EDGES UIEETING AT CORNER RE
242 00 41 Jwl.?
243 miaJme*l-j
244 IF(NJ.EO0O) WmMEX
245 BD(mP.MJ2J)*0.
240 CIII CALCULAIE BD, THE DOT PROOUCT-OF 11IZCDE1 RIAY
2'i CM~ VECTON VI MW~ EDGE VECTOR V
248 D0 41 NsI,3
24r 41 8D(J4P.MJ.J)wBO(SfP,4 MJ,J3.V(MP,MJU,N)*Vi M)IVIM
250 42 COuTINU!
251 114.K3T.L09BIJ)GOG TO M9
252 DO 996 kP.I,6MPX
253 ISEXOuME(P)
254 DO 9M MEml.MEX
255 IWO W5UTEtd,*)(BD(HP.-4E.J).JuI ,2)

zt* w4s CN I



GEON SECTION 5

To calculate wedge angles for plates with coinw edges.

PERTINENT GEOMETRY

z

VP- -PLATE MP

Fig"r 66--Geametry used to d~terule wedg angles
of plates with. coao edft".

The wedge angle is specif ied using the wedge ngle aiber FN,, such
that the wedge angle is given by

as sh~owi 1# Ftgur~eth. The wedge a&Vie &Aier is detetmined as follows:

tzt



where

A

VNMP x VNQ'P,1) + y VNQ9,g2) z VN(HP.2)

.. fig VP(NP,4'E,1) +A VP(NP*'E,2) + IVP(NP.f'E,3)
A

VM2x=VN(NQ,1) + Y3.VN(NQ,2) + z VN(NQ,3).

V"N

- - 227



FLOW DIAGRAM

IsI

Take dot products of plate unit

vectors and evaluate FN (wedge angle number)

To section 6

"228 e

_q-

I•aedtpodcso lt uni



* j CODE LISTING

257 CM! SECTION 5
256 CM! DETERMINATION OF WEDGE ANGLES FOR PLATES WITH COMAO14 EDGES259 CM! STEP THROUGH PLATES4200 DO 35 IAP-I,mIpx
261 MEX=MEP(MP)
262 CM! STEP lThROUGH EDGES
263 DO 35 MEaIMEX

-'I264 C!!! IS EDGE ME PART OF A WEDGE?265 Ii(-PPM)m.s)GO TO 35
266 NFNaFNP(~iP,ME)-.5T2o7 NFNnIABE(NFN)268 MOuNFN/l00
209 MF-NFN-Aio* 10o
270 IF(FNP0,rO,MF).Tor.0. GO TO 35271 (;!!! TAKE DOTl PRODUCTS OF PLATE UNIT VECTORS AtnD EVALUATE272 C!! FN (ViEDGE ANGLE NUM1BER)
273 BOY=-(VN(UP, 1)*VN{MOQ, )+VNM~bP,2)*VN(?.¶o,2)+VN(MP,3)*VN(M0

3,))214 TOP=VP(MP,lAE,I )*VN4(MO(, )+VP(.MP,ME,2)*VN(1',2)+
215 2VP(MP,ME.3)*VfJ(MO,3)

7276 FANG-=BTAN2(TOP,BOT)
277 ANN=8.
278 AP0
279 DO 34 N=I,3
280 XSX-XS(N)..X(APp,1F,N~)
281 ANN=A.NN+XSX*VN(,,P,N)
282 54 ANPnAr1JP+XSX*VPeMP,.kEN)
283 PHW'AR-BTA142 (ANN. ANP)
284 IF(PHWiAI.LT.e.) PW-:ARwTPI+PHWlAR
285 FN=FANG/PI
28o IF (PHl.Ak. '3T. Fn*pI) FI=2. -AP.S (FANG) /PI
281 FNP(MP,IiE) FNJ
288 35 CONTINUE
28Y lF(.NOT.LD-EFUG)GO TO 997
290 DO 998 MP-1,MPX

291 MEX=MEP(MP)
295 S998 WkITS(6,*)FNP(;p,(P,;ký
294 9ý97 CONTINUE
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GEOM SECTION 6

PURPOSE

To determine plates which are totally shadowed from the source.

PERTINENT GEOMETRY

z

1.

"",--PLAEyM

x

Figure 67a--Conflguration where plate ML totally
shadows plate MP from source.
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z

"0*-P LATE MP

SOURCE

x

Figure 67b--Configuration where plate MP is not

totally shadowed from the source

METHOD

If plate ML totally shadows plate MP from the source, then every
ray drawn from the source to a corner of plate MP will intersect
plate ML. The routine computes vectors from the source to each
corner of plate MP and uses a shadow testing algorithm to check
if any plate shadows all of the rays (see Figures 67a and 67b).
If so, it is assumed that plate MP is totally shadowed from the
source.

123.
I

S~231



FLOW DIAGRA4

Set flag LSTS-TRUE to Iindicate the proper
test in PLAINT

Set LSHD-FALSE 1.
for all plates

Stepthrouh corners

- (variablr0ue . ME)

Calculate , unit vector of ray traveling
from source to corner 14E of plate NPj

S~I
coml teysao

To section 7
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ii2$f! Cl !I SEC1LON6
296 C1i1 DETERMINATION OF PLATES THAT ARE TOTALLY
20 Ciii SHADOTED FROM THE SOURCES29 t8 LSTS-. TRUE .

299 00 72 MpL ,-MPXR
300 72 LSHD(MLP)*.FALSE.
31•1 C111 STEP THhU PLATES
302 DO 77 M•P- ,AEPXT 30,3 MEXWMEP (MP)

304 Clii SET LSTDETRUE FOR ALL PLATES
305 Cii! SET LCTD=TMUE FOR THE CYLINDER
304 DO 73 NLwI 31PX
307 S3 LSTD(NL)-.XTRUE.S3 0 8 L (: 'D =.T R U E .,t.309 C ! 11 STEP THR•U CORNERS
317 DO .77 DSEaI )D4EX
311 DSM-0T.(.
312 Ci!!t CALCULATE DS, UNIT VECTOR OF RAY TRAVELING FROM4 SOURCE TOS313 C!iil CORNER M4E OF PLATE MP" " 314 DO 7•4 N=1,3
31b DS( N )=X (J;P llE N )-XS( N)
316 -14 DSt4UDSH ÷D5 (•)*OS (tl)
303 DS4=,SORT(DSM4)

318 DO 75 f11-,3
31io 65 DS(N)=DS(N)/DSM
320 Cii! IS RAY SHADOWED BY PLATE OR CYLINDER?
321 CALL PLAINT(XSDS,DHIT,NPLHIT)
322 IF (LHIT. AND. DHIT.GT. DS9) LHITu. FALSE.
323 IF(.NOT.LCTD) GO TO 76
324 PHCR-BTAN2(DS(2) ,DS( I))
325 CALL CYLIT( XS.DS,PHCR,DHI rLHCT,.FALSE.)
320 IF(.NOT.LHCT) LCTD-.FALSE.
327 IF(LHCT.AND. DHIT.OT.DS'A) LCTfl-.FALSE.
328 7o CONTINUE
229 IF(.IOT.LHIT.AND..UlOT.LCTD) W0 TO 79
iJoj I/ CONTINUE
331 Ciii CHECK TO SEE IF ANY ONE PLATE ML COMPLETELY SHADOW$ PLATE AIP
332 Cii STEP T"RU PLATES
333 DO 78 MLa) ,MPX
334 IF(.NOT.LSTD(ML) GO TO 78
335 LSHDOAP)&,.TRUE.
336 7t CONTINUE
337 IF(LCTD) LSHD(MP)u.TRUE.
338 79 CONTINUE
33V IF (LDEDUG) WRITE (6,*) (LSHDCMP),NPUI*MPXR)
340 LSTSA.FALSE.
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GEOM SECTION 7

PURPOSE

This section handles various calculations for plates which Inter-
sect each other.

PERTINENT GEOMETRY

I

PLATE MP

PLATE MPH

PORTION PROTRUDING
THROUGH PLATE MPH

A IS DELETED

Figure 68--Illustration of a plate which intersects another.
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I FLOW DIAGRAM

IP

"1. *umine plat. that intersect

T~St@ through plates$7
S, (variable W .)

|plate W wach slightly|

va" th~hplt

SI3

'Ii

V



2. Determine naw wedge ongle nu*er for Intersecting plates

1. indplteswit interses Icaot i Yaiaes$~ te

becaasawede anle etwen lates sgetrta 8

Yo.aIJý
Taked~otprodct o
unit ectos an
4 le16

no evluat FM wedg
"If W.Pbo-

ich anno ill I 4
3. Fnd late wih coon dgeýt ilumiateAch the

becase edg ange btwen pltesIs reatr tan 808
Set LND-FASE fo

236 plt1:ifain
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4. Determine whiCh plates cmwat illuminate ecb oilie Mas0d illegalI1 ~inag locations.

StptrugIae
(vribeta )

Stptruhpae

I !
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CODE LISTING
341 CilI SECTION 7 **b*.****~***
342 CiII 1. DETE&NIIE PLATES THAT INTERSECT
343 CIII STEP THIU PLPTES

344 DO 85 MPal.1IPX
345 XEX=0EPCAIP)
340 CIII SET IHII-ME i:-I EACH EDGE Oil PLATE H4P
347 DO WY9 AE-IqEX
348 bUY IHI~tCM)-RE
34Y 011I STEP THI4U EDGES

3W DO az Ma1 ,IOFX
3bl DO 81 N=1,3

352 XIIJ(tI)WXP,9E,Nj
35.3 bl DSCN)=VCMAPqRE,fl?)
354 CIII DOES EDGE UfITEI1SECI ANOTHIER PL,#TE?
355 CALL. PLAItNVX!I;,VS,DHITdflP,LIIT)

35o IF(.IOT*LHIT)GO TO AP~
5, Ikl(DHIT*OT.Vl3AGC-,P,NE))G0 TO 80

3o0 ClII CHOP OFF SECTOR OF PLATE UIP WH4ICH PAZSES T9RU PLATE QIP;4
301 !FIDIftT.LT.0.1 )GO TO 83
302 DO 82 fla 1 3
36,1 62 X(NP*9CNl) =X (UPO~E,N4)+IDIIT-2. E-5) *V C-POEd1l)
364 VMAG(AP *9E)~cgIIT-2. S-5
.365 IHIT0(C)M9PH

36# GO TO 8E0
30.9 83 VNGk.E-~AOVE-ll
3o9 WO 84 NO 1.,3
3lu 64 X 01P.4E aN) wX (P, 9CN)-VMAG c-IP,?E)*V (?':.iVEOP'
3,0i IHIT(RE)-MPH
372 IF(LbESUG)wRITrl6,*)MP.ME. (A(4P,qLE,IaIr.I,2)
313 Wi CONTINUE
Z74 CI!! 2. DETEhI~hNE NIl~f REDGE MIICE 1HOMEIZ FOR IITSEPSECTrZ? PLATES
3t5 W1I STEP ThRU EDGES

37V 0100PWATES INTiEISECT?

380 F( IHTtI )4 .IUTt W)DrO TO $6
381 MkalHIT(ME)
3d2 C! TAKE UOT PIWWCTS Of PLATE WillT VECTORS AND EVALUAi-r 1:1

384 2*VP(gp,1E,3J

38'? 114 X%.LE-.P.3 TO 89
its Fv.*TAN42(yY.X)P:.
38V AN1Hail.

30*2 'FW.GT.0.=43 10 as

310V to.UCORI I NVE15

4194 90 Ski I81h1,k1.K

r



407 CIII 3o DETENWINE PLATES Nllh CCOMMO1 BMIES WHICH CANNOT ILLUXMIATE
40~b CIII EACH OTI&#.
409 U111 SEiT LII~iPALSE FORl ALL PLATE CWBSINATIOIJS
410 00 90 MfFaI,MOXR

41 00 O 9 PP*I,MPXR

414 00 VI IPCI,RPX
415 illSTEP 18)41 PLATES

41 C C ll ST ATE rHR P ARt) J

4213C IF SO, IDEN1TIFY
422 IFN*ts-NP(MPP,3E)/l 00.
QCo tt(Ir"WU.IE.?;P)GO TO 92
424 M~-N(PE-FIt%4.

42ti IF(NP(IN~kH).L~l.(;0TO 92

432 STEH(P ThL'PLXITES

4316 i ON 922CA U~IUEXLCTOS

435 SUMT*a.E3
(412 Do %4 w~aZ m~i

4158 00 923 ItoW1,::P

;;4U AF(Urn.).S4-T OV2
44*1$urwsi

442 ME5 D~uI.

4!*1 Irý CARP*A&I' .LT.0* *0-C 10 924
4152 LlK t XPf. UPP).*.TUWt,
4bI3 Q24 CViATINUS
44 '. 3lt C.t-'r.MZI Z~WGo'oV

4t-ý IFIX'b9"A )1j&U)CO TO 9
ItM " 2 Ail liP tj)PX

401) il~



SYMBO DICTIONAY

AN [LOT PNODUCT OF PLATE UNIT NORMAL ANI! VECTOR FROM
SOUNCh- TO THE PLATE (CALCULATEV IN !MACiA)

Atli U(F PHCUUCT W VECTOR F:ROM CONNER I OF PLATE MPP
TU INk DOUBLE REFLECTION IMAGE LOCATION XJ(YPAIPP)
AND THE UNIT NIORMAL OF: PLATE MPP

AN.N Dot' PNOOLXT CF XSX AflD UNIT NORMAL OF PLATE 1PPI
MAP OuT PRODUCT OF VEC`TOR FROM CORNER I OF PLATE NPP

10 CORNEk LUkE OF PLATE RP AND UNIT NORMAL OF
ýAIE MPP

ALSO DOT PRCIOUCLT OF XSX AND BINOMMAL OF ED)GE JIB

au CUSINES CF ANGLES DEFINING ROU140S ON DIFFRACTION
ANGLE

tn/i 1-ZGA1VE 00'a PCuonua 0$: UNIT MOM'IALS OF PLATES
Np ANte go

Uill OIS4aAUCk FROM SOURCE TO NEAREST PI1T i#NOPf PLAINT)
V0 DOUT PtODUCT OF PLATE UNIT NORMAL ANDt WOE UNIT

11UPIA AL
us W!i VECIOR OF RAY FROXI SOURCE TO CORNER flE OFI

PLATE NP (SECTION 6)
ALSG UNIT VECTOR OF PAY FROGM IM4AGE TO SOURCE
(SECTION 3)
ALSO UNIT VECTOR 0$ EDGE ME (SECTIOV 7)

OwM NfrnkALIZATILN CONSTA(TI FOR UISI
ENUbCM DOT PRODUCT OFý VN IS (TB NITa NORMAL. OF PLATE UP) AND)

THE Z AXIS LF THE SOUACE COORDINATE SYSfEP
eA0lUK MAGL.ITUDtE AIJUSAJFrT FO&I SOIMCES MOUNTED ON THE6

SURFACE OV- PLATE
rANU (4UUE g:O'LE
$14 tiD)UE ANGLE NUNflEk
iNp ttuuE AflULE 11uMEig (A4.SO USED III D&$NINO COAOWO

I Wt ItX VARIAELE
AIfia' !tOh6Ai PLATL NWERt~ S FOR PLATES INTERSECTED- BY

j1 GO LCoP VA9IABLE
L0.n I k F Tr1HUE WC RAY HITS CYLINOER (AIafUIfEr? rilo

CYLINT)
10101 Sti- TkUE 1IF CYLS0-iUEII SHADUnS PLATE FROR SrPfCE

iL -. !tY1 1{ IMi IFPAY SUTEIJSEC7$S A PLATE (FROM PLAINT)
Stiht UTR TE IF PLATES UP. AND iIPP CANUOT ILLU'IUATE
EACh OTHER

L*YW tt TRUET IF ;PLAIE UP I S TOTALLY 94A0&4E3 FROM
76E SWiAcE

L41) ýWi ThUE Iv; PLATE AL TOTALL SHADWk4 P'LATE 10
FW THE SUIRCE

1.51S Ski-t 71*0k le TOTAL. S&4A$OWISC ALCCQIIN IS ?EI'C

AL LoQ Lowsv vAIIAULEi. ALSW I14X VARIABLE

17~
SitU NJOtINI WA- UZtS "NA&ZiF LAz

ail W LOW, WvAICsuLS. ALi~t 1t4** SrIAMtE

xLi EV4&I4U4 VAMI1ifLL
"ali M%%sIxl VARI1ASJ}p

I'WPLAaL ISA) VA I Aa

24



T
Kpp Vu LW~P VA~dbBLI (ALS0J PLA-,r 11?J)EX VAWIAPI.E)
*0 Lbi Lc.UP VARIABLE~ (STEP -0JWU PLATES),

ALSO, INDEX 'VA0IAPLE
Not 1INDEX VAk1AbLE

Ifd&v 111W IALLE
N DO LW~P VAWIftRLE
NI-1. KHINOebN VARIABILE
NI UO LOOP VARIABLE
WJ DU LCJOP VARIABLE
piILh Ptill ~CMPOJEtN OF VdELTUR FRO~i SOURCE TO PLATE

ct*wIN Res
RHKM ANULE lrNICI4 DETE01RIES AIIICH SID)E OF THE

IIJTERSECIINGj PLAiES IS L±U:"'ItUPTED
SuAx LENMAli OF VECTOk Ik0AU SOURCE TC EDGE ME

Ok: PLATE 14P
-UM ';NGTH Cr VECTOR rkOWt SOURCE TrO CLOSEST EDGE

Q- PLATL lAP
~UP DOT PkU(OUCT Or: BIt:O.WAAL OF CO~MOU1 EDGE OF PLATE K'P

AND NUk4IAL CrF PLPTE !10
V KAIrdA 0Oý A.Y.Z COMPONENTS OEFI"#I'IG E-1GE ':NIT

Výc-kols fIN W.ss
V AX Xy.Yz comwor:sJys uF-tIInG S.I(ffd.E REFLECTIoiN

14A(Ai SOURCE CCOOK) NATE SYST94 AXFS M~ ACS
CM'PONEN17

VI A.YZ CCIPOINE-ITS 01: LWIT VECT01, CF RlAY FRr't SOURWCE
IL CUWNERi AE 6F PLATE AlP

VIA~ NUWAALIZAZICM CONSTANT OF VI
VYl D1ST'AE S~vL* TKO ?lEIGP8OOR6?IG CCMýE5S J11 A

PLATE SOUAkkbD
V-14AI DIFIANCES H1bEIh~ NEIGHRBOIWG CONNERS 'M PLATt!s
V 4i X.Y,Z CWPON.ENTS 0b)IU!NMC PLATE 'PUT ±4OWr'tL

Dli#FCUNS Its kCS MOAPONt14:S
vrik PLAIE NIT 1hCRMAL YORA&ALIZATIu!f C0!STANT
VP ).ATr~vl CUNTAINWG' EDGE U1111' D!SIMORIL. DIRECTION~S Vi

kLrtkiiKCF' MkDi~INATE SYSTE.AI 11A XIY.Z 0CO?APEN1YS V I~j.UI4(C UNSIT jECTchIS OF SOU~tCF
1.AULA CC)IRDINATE SYSTi~g AXES IN1 PCS

vAt k.(.,Z C v-Vt-EZMT DEFININC 111IT VECTMR OF SfL'LCE
(.~Uf±V1NATE !051E'4 AXES IN RiCS

At AkkiY UcF COPONEMt~S VEINING SIICLE P1lt 00t.
W:LLTIV.t2; ±AJUMCE II~AGE LLUCATI10KS IN k~CS

At I X.~ OrW& SItrALE kWNýIECTICK 1'!ACi
L'ýCATIUN CALCL)TEII IN StffPICUtJINE IYAGAE

Ati9 ks.YZ QWP~N7iS Or LUCATIU CF CORNEWi YE OF PLA~T'

ALu~. SMNGLk i4~i~i..TIUU *I#AtE LOCATION

* A41 WSANci vil.ý cCutEit 1; 01. PLATE vi ' rý clo-
14 .S PLAb.E &P

A:N4 ILY. CWPZ-1 0F SUVCCE "OI0NVEDA SPALL
AXW14 IN4 ThE O0TIN1* flK PLATE 1O~

CAkL%;ULA~i5'4J 11, S MtAJTIME ;:1ACt 1P S0I.1iSE

&A Wfi PS e(A: 0- 1-104AL C* 0R 'cF PLALF -4 At
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GEOMC[

PURPOSE

To calculate geometry associated with fixed cylinder structures
(end cap normals, etc.).

PERTINENT GEOMETRY

z

SENDCAP 
MC

\ .

I •- CYLINDER

"11 1

!. SOURCE

IMAGE

Figure 69-- Geometry for determining source image location
for reflection from cylinder end cap.

VNC = x VNC(1) + y VNC(2). + 1 VNC(3)

- XS(1) + A XS(2) t 2 XS(3)

XT(• = x XIC(MC,1) + Y XIC(MC,2) + ' XIC(MC,3)

= z ZC(MC)
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,,,-TANGENT POINT *1

SOURCE

LOATO

I-TANGENT POINT #2

I VT2

Figure 70-- Illustration of vect-ors from the source tangent
to the elliptic cylinder.

VT1  X BTS(1) + Y^ BTS(2)

A

XT~=~Acos(VTS(1)) + *% B sin(VTS (1))

"T2 x A cos(VTS(2)) + y B sin(VTS(2))
XS x XS(j) + AXS(2) +XS3

METHOD

The image source location is given by:

= -2 AN VNC,

243



where

"AN = (XS- • VNC

This is illustrated in Figure 69.

The tangent vcctors from the source to the cylinder, as iI-
lustrated in Figure 70, are found in subroutine TANG.

II
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FLOW DIAGRAM

Loop through end caps
(variable - MC)

F1l'u~t theCalculate the Jbd cap unit normal,1'N

pCalculate source imaqe location
for reflection from end cap MC

(see Figure 69)

Is
source mounted on Nojendcap 

plane? >

FYesK -" -" mIs• No

relectric s oure al end caps;

set LSRFC(MC)-true, FACTOR- LSRFC(MC)-false
For electric source not normal to end caps; Factorsl

LSRFC(MC)-false, FACTOR-0.5
For magnetic source parallel to end caps;

LSRFC(MC)-true, FACTOR-2
For magnetic source not parallel to end caps;

LSRFC(MC)-false, FACTOR'1

i source image directions

SCpte source bounds on cylinder (tangent!vectors and related parameters)

(see Figure 70)

245
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SYMBOL DICTIONARY

AN DOT PRODUCT OF END CAP NORMAL AND RAY FROM END CAP TO SOURCE
OS UNIT VECTOR OF RAY FROM SOURCE IMAGE TO SOURCE
DSM DISTANCE FROM SOURCE IMAGE TO SOURCE
ENOHM DOT PRODUCT OF END CAP NORMAL AND Z AXIS OF SOURCE

COORDINATE SYSTEM
LHIT SET TRUE IF RAY HITS END CAP (FROM SUB. CAPINT)
LSRFC SET TRUE IF SOURCE IS MOUNTED ON END CAP MC
MC END CAP INDEX VARIABLE
N DO LOOP VARIABLE
NC SIGN CHANGE VARIABLE
NI DO LOOP VARIABLE
NJ DO LOOP VARIABLE
VNC XY, AND Z COMPONENTS OF THE END CAP UNIT NORMAL IN REF COORD SYS
VXIC XYZ COMPONENTS OF UNIT VECTORS DEFINING AXES

OF END CAP SOURCE IMAGE COORDINATE SYSTEM
XIN SOURCE IMAGE LOCATION IN END CAP MC

I.

1 ,I

I
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CODE LISTING

2 SUBROUTINE GEOMCI3 C111
4CHII THIS ROUTINE COMPUTES ALL THE GEOMETRY ASSOCIATED

5 C111 WITH FIXED CYLINDER STRUCTURES, EN4D CAP NORMALS, ETC.
7 6 CH!I

7 DIMENSION XIN(3),DS(3),VNC(3),VAX(3,3)
4. a LOGICAL LPLA,LCYL,LSRFCILFIIT,LDEBUG,LTF.ST

9 COMMON,/PIS/PI,TPI,DPR,RPD
10 COMMON/OEOMEL/A,B,ZC(2),SNC(2) ,CNC(2),CTC(2)
III COMMON/SORINF/XS(3),VXS(3,3)
12 COMMON/IMCINF/XIC(2,3),VXIC(3,3,2)
1.3 COMMON/FARP/IM.H,HAW
14 COMMON/SOURSF/FACTOR
15 COM9ON/BNDSCL/DTS, VTS( 2) .BTS(4)
16 COMMON/SRFACC/LSRFC(2)
I/~ COMMON/LPLCY/LPLA,LCYL
18 COMMON/TEST/LDEBUG,LTEST
19 IF(LDEBUG) WRITE(6,900)
20 WO0 FORMAT(/,- DEBUGGING GEOMC SUBROUTINE'-)
21 CHII DETERMINATION OF DISK IMAGES
22 IF(.NOT.LPLA) FACTORIl.
23 CIH! LOOP THRU END CAPS
24 DO 515 MC=1,2
25 LSRFC(MC)=.FALSE.
26 NC=MC
27 IF(MC.E0.2) NC-I
28 CH!I CALCULATE FIJID CAP UNIT NORMAL
29 VNC~ I)w-NC:*CNC(MC)
30 VNC(2)=0.
31 VNC(3)-NC*SNC( MC)
32 CHII CALCULATE SOURCE IMAGE LOCATION FOR REFLECTION FROMI33 CHII END CAP MC
34 ANaXS(I)*VNC(I )4XS(2)*VNC(2)+rXSC3)-ZC(1X!C))*VNC(3)
35 DO 510 N=1,3
36 510 XIC(MC,N)=XS(N)-2.*AN*VNC(N)
31 CHII IS SOURCE MOUNTED ON END CAP PLANE?
38 IF(ABS(AN).GT.I.E-5) GO TO 520
39 DO 526 NuI,3
40 526 XSCN)UX5(N)+I.E-5*VNC(N)
41 AN-XS(I)*VNCCI ).XS(2)*VNC(2).(XS.(3)-ZC(MIC))*VNC(3)
42 DO 527 N=1,3
43 527 XIC(MCN)-XS(N')-2.*AN*VNC(N)
44 CHII IS ANTENNA MOUNTED ON END CAP, IF SO IDENTIFY
45 DSM-0.
46 DO 523 N-1 ,3
47 DSCN)-XS(N)-XIC(MC,N)
48 523 DSMaDSM*DS(N)*DS(N)

1.49 DSMwSQRT(DSM)
50 DO 524 NinI,3
51 DS(N)=DS(N)/DSM

T'52 524 XIN(N)-XIC(MC.N)
53 CALL CAPINT(XIN,DSDHIT,MC,LHIT)
54 IF(.NOT.LHIT) GO TO 520
55 ENORM=VNC( I)*VX5(3 1 ),VNC(2)*VXS(3,2),VUIC(3)*VXS(3,3)
so IF(IM.NE.0) GO TO 12l
57 IF(I.-AbS(ENORM).GT.l.E-3) GO TO 522
58 LSRFC(MC)=.TR'JE.
59 GO TO 520
60 522 FACTORs.5
61 00 TO 520
02 521 If(A0iS(ENOkAI).GT.l.E-3) GO TO 520

63 LSRFC(MC)-.IRUE.
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06 C1f 1 CoMpUTE END CAP IMAGE SOURCE AXES DIRECTIONS
67 CALL IMCD!R(VAXOVXS,VNC)
68 DO 530 NJI,3
69 DO 530 W~Il3
71 515 CONTINUE
72 IF(.NOT.LDEBUO) 00 TO 910
73 DO 911 MC*I,2
14 IVRITE(6,*) MC,LSRFC(M.C)
75 WRITE(6,*) (XIC(MC,N),N-1,3)
70 DO 912 NI-1,3
77 912 ~WRITE(6,*) NI.(VXIC(NI,NJ,MC),NJ=1,.3)
78 9JiI CONTINUE
79 91Ie CONTINUE
80 CilI DETERMINATION OF SOURCE BOUNDS ON CYLINDER
81 CALL TANG(DTS,VTS,BTS,XS)
82 IF(.NOT.LDEDUG) 0O TO 915
83 W~RITEC6,*) IllS
84 WRITE(6,*)VTS(I) ,VTS(2)
55 WRITE(6,*)(BTS(J),JuI,4)
86 915 CONTINUE
al RETURN
88 END
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GEOMPC

j PURPOSE

To compute variables pertaining to plate-cylinder interactions
which are constant for a given set of plates and cylinder and a given
source.

PERTINENT GEOMETRY

I

EDGE MEN

PLATE MP

Figure 71-- Illustration of plate attached to cylinder
as detailed in section 1.

tA { T,

I.

r "•* •"PLATE MP

Figure 72-- Illustration of source rays reflected by plate 14P tangent
to the cylinder as detailed in section 2.

249
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t.A

SOURCE EDGE PLATE MP

Figure 73-- Illustration of bounds for cylinder reflected, plate
diffracted region detailed in section 3.

£1REFLECTION
POINT * I

DIFFRACTIONPOINT*" I "•

DIFFRACTION SOURCEPOINT * 2 SOURCE.. .. .

!I

PLATE MP REFLECTION
POINT # 2

Figure 74-- Illustration of starting point path for plate diffracted,
cylinder reflected ray tracing algorithm as detailed in section 4.

256
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METHOD3 The bounds for cylinder reflected, plate diffracted fields areillustrated in Figure 73. Details of the method used to find theseparameters are given on pages 149-154 of Reference 1. Also see thewrite-up for subroutine RFDFPT. The starting point paths for platediffracted, cylinder reflected fields are illustrated in Figure 74.
Details of the method used to find these paraneters are given on pages
161-163 of Reference 1. Also see the write-up for subroutine DFRFPT.

I
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FLOW DIAGRAM

FLOWa DIAGAAN

I. Determine corners and edges which vv attached to the cyl.
hider.

If crner ME of plate %P is wn the

Scylinder Surface, set IL LCD!NP.M.VTRUE

[ If edge K9 4S Atachid to itht
cy lin; r. *set ýdtdqe angle N~

L for this ectqý q"tjl to -1

2. Determination of tmaje bounds om cytioted*f

SttD thifj 0platAs

Conoute tv~nt P'ints 4u'4 tligtnt unit
vector$ for ray% l%irgiy rPfIlett fro*

49 wte n t to cirir'10

rvftlfttt4. *late diffractel tees
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IFind~ refleCtfoft point On Cyl9 mar
for source ray which refeWts off
cylinder 4ad hit% eorwv HE
of plate V~

take dot OOCt$ of both e9oe Vfttors
Jetting at Cornr .'j "n ray Incti~tt
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SYMBOL DICTIONARY

BCD DIFFRACTION LIMITS FOR RAY REFLECTED BY THE CYLINDER
AND DIFFRACIED FROM PLATE

i LIfCN X,Y CUMPUNENTS OF UNIT VECTORS FOR RAYS TAFGENT To
"*iIE CYLINDER FRO.' DIFFRACTION POINT ON PLATE EDGE
(FOR MOST NEGATIVE STARTING POINT ON CYLIiDER)

1BTCP X,Y COMIPONENTS OF UNIT VECTORS FOR RAYS TANGEJT TO
THE CYLINDER FROA DIFFRACTION POINT ON PLATE EDGE i
(FOR MOST POSITIVE STARTING POINT ON CYLIINDER)
ALSO SEE BTI

bTDC X,Y COMPONENTS OF UNIT VECTORS FOR RAYS TANGENT TO
"iHE CYLINDER FROM. DIFFRACTION POINT ON PLATE EDGE
(FOiR FAVORED STARTI.. POINT ON CYLINDER) I

8,I X AIN) Y COMPONENTS OF SOURCE IMAGE VECTORS TANGENT
TO ,liE CYLINDER

DTCNI DOE PIkO'UICT OF UNIT VECTORS OF RAYS TANGENT TO CYLINDER
FdOt. DIFFkACTION POINT (FOR MOST NEG. STARTING RFFL POINT
ON CYLINFER )

DTC iP DOT PPODUCT OF UNIT VECTORS OF RAYS TANGENT TO CYLINDER
eiFRO.;- I)IFFRACTION POINT 'FOR MIOST POS STARTING REFL POINT
ON CYLINDER) (ALSO SEE DII)

DTDC DOT PRODUCT OF UNIT VECTORS OF RAYS TANGENT TO CYLINDER
FROA. DIFFRACTION POINT (FOR FAVORED STARTING POINT ON
CYLI NUER)

0II DOT PRODUCT OF SOURCE IMAGE VECTORS TANGENT TO
1HE CYLINDEh (SINGLE REFLECTION FROM PLAT. :,P)

LCD EET /EHUE IF CORNER ME OF PLATE MP IS ON CYLINDER L
LDC SET TRUE IF EDGE MiE OF PLATE MP IS STRONG DIFFRACTING

PAýIn OF '\EDGE (FNP<N)
M EC INDEX VARIAVLE UISED TO DETERMINE COMMON EDGES
MEN ItDi.:X VARIAELE USED TO DETERMINE COPOIT EDGES
.;.EX MAXIMUM NUMBER OF EDGES ON PLATE MP
Pi0Ck Pill COR.'PONENT OF RAY PROPAGATION DIRECTIOn' AFTER

REFLECTION FROM CYLINDER (RAY DIFFRACTED PY PLATE EDGE
AND THEN REFLIECTED BY CYLINDER)

P. VR BRAI:CH CUT DISPLtCEMENT ANGLE FOR DIFFRACTION POINT
ALOiG ED';E IE OF PLATE !AP

RC DISIANCE FRtb Z AXIS TO PLATE CORNER
RE RADIUS OF CYLINPER AT POINT DEFINED RY ELL

ANGLE VC
"TIC• THETA COMPONENT CF RAY PROPAGATION DIRECTION AFTER

REFLECTION FROM. CYLINDER (RAY DIFFRACTED BY PLATE EDGE
AND THEN REFLECTED BY CYLINOER)

UCO Z COMPON2NT OF REFLECTION POINT LOCATION ON CYL.
FOR RAY WI'1ICl IS REFLECTED BY CYLINDER AND DIFFRACTED
BY EDGE MO OF PLATE MP

Ul)C Z C,:VMPONENiT OF SIARTING POINT LOCATION ON
CYLINDEH (F.R RAY TRACING ALGORITHm,!) FOR RAY DIFFRACTED
BY PLATE EDGE AND THEN REFI.ECTED BY CYLINIPER

vc ELLIPTIC ANGLE DEFINING LOCATION OF A CORNER (2-D)
VCD ELL. ANGLE DEFINING REFI.ECTION POINT ON CYLINDFR (2-D)

FOR RAY r';ICH IS REFLECTED BY CYLINDER AND DIFFRACTED
BY EDGE ME OF PLATE MP

V C ELL ANGLE DEFINING STARTING POINT ON CYLINDER (FOR
RAY-TRACING ALGORITHM) FOR RAY DIFFRACTED
BY PLATE EI)CE AND THEN REFLECTED BY CYLID)ER

VI XY,Z CU'PONENTS OF PROPAGATION DIRECTION OF RAY
IINCIDENT ONi CYLINDER REFLECTION POINT

VT I ELL ANGLE D)EFINING DIRECTION OF THE TWO RAYS
F,?O'; IMIAGE SOUKCE TANGENT TO THE CYLINDER (SINGLE REFL.
OF '.OUMCF RAY FGO?.l PLATE MF)

-! ;(C MuoI-I- I )F P[.TEE CORNER I.OCATIOON USED IN DETFRMI NINOG
CYL.I Nl-F -LEL, PLATE III FýFR ACTI ON L N ITS

X ,M, X,Y , CO;.-POI, iKlV () OF 'TfARTING DIFF. POINT I.OCATION
", EDOF . FOR &AY TIRACINMG ALCORITH'M FOR RAY IEF.

BY PLATE i -)(,E AN•n REFLECTE{) BY CYLINDER
X G,. XYX. CGO.PONEOTS Of- STARTING REFLECTION PoIf4 T Ohl CYL.
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CODE LISTING
I c------------
2 SUBROUTINE GEOMPCI . C111

4C!!! THIS SUBROUTINE COMPUTES ALL THE GEOM~ETR~Y ASSOCIATED
5 L.41! lNITH FIkE1) PARAMETERS FOR PLATE-CYLINDER INTERACTIONIS

DIMENSION XII(3),XIN(3),VI(3),DS(3),XC(3),VNC(3)I8 DIMENSION XOB(3),XDC(3),VTCP(2),BTCPC4).VTCN(2),BTCN(4)
9 LOGICAL. LPLAK,LCYL. L!)CLCD( 14,6).LSRFC, LSURF ,LDE8UIG,LTEST
10~ LOGICAL LI HDr,LSH), LSTI),LSrS,LCTD,LHCT, LHIT
ill COMMON/PIS/PI,TPI,DPR,RPD
12 COMMAON/C-EOMEL/A,B,ZC(2). SNC(2) ,CNC(2 ),CTC(2)
13 COMMiON/CE&IPLA/X(14,6,3),V(14',6.3),VP(14.6.3),VN(14,3)
11, 2,MAEP(14),MPX

71 15l COW4AON/EDMAG/VMAG( 14,6)
* .16 CO.I.ION'/SORINF/XS(3),VXS(3,3)

I, COMMON/IUAINF/XI(14,14.3),VXI(3,3,14)
'lb COMMON/IMCINF/XIC(2,3).VXIC(3,3.2)
I1s COMMON/FARP/IMH.HAW
20 CUMMOtl/SOURSF/FACTOR
21 COMMON/ENDFCtJBD (14,6,2)
22 COMMOV/ENDSCUOTS, VTS(2),BTS(4)
23 COKMMON/BND ICUDTI( 14), VTI (14,2), BTI 14.4)
24 COWAD)N/BNDRCL/VCD( I4,6),UICD( I4,6),BCD( 14.6,2)
25 COY4ION/ENDDCL/VDC( 14,6),UDC(2),PIDCR( 14.6,2),TrPCR(l4,6i,2)
26 2,DTDC(t4,6),BTDC(14,6,4).DE)C(14.6,2)
21~ COhiMCN/SRF ACC/LSRFC( 2)
28 COVAJON/SURFAC/LSURF( 14)

2F COAMON/LPLCY/LPLA, LCYL
COMMONl/LSHDT/LSHD( 14) ,LIHD( 14, 14)

31 COMIAON/LSHDP/LSTS.,LSTD( 14)
32 COI?.MON/LDCBY/LDC ( 14,6)

33 COVL4ON/IEST/LDEBUG,LTEST
COLMGON/FNANG/FNP ( 14, 6)

35 COMMON/1 RNPHWi/PHWR (14,6)

.9 DO 3 lAP=1,MPX
NoE XuME P C .P)

141 DO 3 ME-I,MFX
42 3 LCD(MP,P.E)=.FALSE.
43 Cl!! STEP THhU PLATES
44 DO 17 MFil 14MPX
45 MEX=IAEP(AP)
4o MEC~o
41 C!!! STEP ARCUND CORNERS ON PLATE MT)

4b DO 14 MEn1 ,8FX
4 RC=X(MP, ME, I)*X(.tP,V.E, I )+X (MP,ME,2)*XV.-1P, ME,2)

50) VCI3TAN2(A*X(MP,ME,2),B*X(MP.ME, I))
51 XE=A*CO,ý(VC)
52 YE-B*SI14VC)
53 REztXE*XE+YE*0E
54 IF(Al1S(!C-RE).GT.0.01) 00 TO 14
'j5 IF(XCI'AP,IIE,3).GT.ZC(I)+XE*CTC(1).OR.

5. 2X(M-P,ME,3).LT.ZC(2)+XE*CTC(2)) 0O TO 14
51 LCD( 4P, 12)-. TRE.

t58 X(MP,ME,I)=XE
59 X(MP.IME.2)=YE

(01 IF(MiiC.NE.0) (30 TO 13
01 MEC=:.ýE
Q GO TO 1,4

65 C!! l Ct * E 1EISATCE TO CYLINDER, SET WEDGE ANOLE INDlICATOR

ooC!1! TO -1 Aý !FLA0
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* C;: FNP(ilP,A.EN)=-l
1# 4 CONT1II:UE

717 cot-If NIIIUE
1C!!2. U~iH1~ll.:I1ATIOII OF IMAGE BOUlNpS Of! CYLINHDER

72 C!!! STEP TIl~U P!ATIES
DO 62 iP=I.,MP
D)0 oid N= 1 3

75 oo XiN(tI)=XI eA.P,.:IP.u
70 L!M CALCULATE TANGF-IT ANGLES AND Ut'IT VECTORS
77 CALL TAI-G(DICP,VTCP.BTCP,XII?)
18 DT I(MP) =TCP

61VTIC!P.PI)=VTCP(1 )
80 VTI(MP.2)=VTCP(2)

81 DO 61 J-1,0
82 01 BTI (IP,J)=8.TCP(J)
63 IF(.NOT.LDEI3UG) (3O TC 02
84 IIRITE(6,*) DTI(MP)
bb -'IkITE(6,*) VTI! 'P, I) ,VTI (:4P,2)

87 Q2 CONTINUE
Et C!! 3. DEI-:hstjTI!o! OF PEI!:!USSAM~E RAt'c.,E FOP CYLINDER

I189 C!!! REFLECTED, PLATE DIFFRACTEP FIELD
SO C!!! INITIALIZE VALUES

L 91 DO 90 IliP=1,MPX
Y2 MAEX=&!EPUAP)
V3 DO 90 'AE=I,I.EX
94 VCD (AP :.' E) =0.
9f5 BCD (AP, NE, I)Ii
Soo SA) BCD(MP,.)E,2)=0.

97C!!! STEP TM.13 PLATES
96 DO 92 M14-1 4.'PX
S,9 C!! IS PLATE lAP IOTAIIY SH-ADOW~ED FPOMA SO'3iCE7

1(60 IF(LSH[)(tP)) i30O TO 92
j 101 MEX=MEP(11))

102 C!!! STEP AROUND EL-GES ON PLATE !iP
163 DO 91 tAE=I,MAEX
1104 C!!! liý EDUE ME IS ON CYLIN:DER, DEFINE NEW CORNIER
l(65 C!!! SLIGHTLY OFF CYLINDER
1100 IF(LCD(,MP,ME)) 030 -,0 94
1 f67 DO 9-3 II=1 .3
1108 %SKs XC(N)-X(~PP,ME.I:)
I o0y GO TO 97
1110 9.4 VCR-BTAN,2(XUAIP.ý1E,2),X(QAP,MIE,1 )
Wi I StlX-E*CCS(VCR)
112 SNY=A*SIt.(VCR)
113 J=
114 95D J=J+I
II t) MJ=ME+I-J
116 IF(mJ.Ecd3) MJ=MEX
III VCV=S.1X*V(MP,,!.1J, I)+SIIY*V('.¶iP,?J,2)
.1 lb IF(AB3;(VCV).LT.I.E-5) Go TO 95
119 SVCV=SIGIN4(.i'tVCV)

120 DO 9o N=1.3

I k2 Vi CONTINUE-
123 C! !! USF 1RAY TRACING TLCHNI'QUES TO DETERI.IULE REFL.
124 C!!! POINT AMD REFL.. RAY DIRFCTION OF SOURCE RAY REFL.
125 C;!!! FROM CYLIND)ER AND) VICIDENT 011 CORNER 'IE OF PLATE ¶lP
120 CM! (SATISFY LAVI OF REFLECTION)
127 CALL IFDFIN(VkIJR,VI.XC)
12b VCD(NiPME) =VR
129 UCI)(MpNE) =UR
130 DO 91 J=1.2
1 W3 MJ=MiE+ I-j
132 I M1F~)~I1~
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134 CI I! JAK~E DC)1 PPODUC7 OF RAY INCIDENT ON CORNER AND
135b CI it EDGE UNIT VECTOR 1*O OBTAIN DIFFRACTION LIMIT
330o i'v BCD (9PMJ, J)=BCD(01 PdJ. J)+V(1'9.MJ,!D)*V I(N)
1.37 IF(.NOT.LDEBUG) GO TO 92
133 WRITE(6,*, (VC-D(P,)1E),ME=I,MEX)

T.3v9 WRITE(6,*) CUCD01P,A3E),ME-3,M(EX)
V 40 ViHITE(6,*) (BCOO4P,14E, I).BCDO(MP. PE,2).MWE- I,MEX)

14! Q2 CONTII-.1fL.
142 C!!! DETERMINATION OF BRANCH CUT DISPLACEMENT ANGLE FOR
:43 C!!! REF-DIF AND DIF-REF TERMS
144 Cl!! STEP THRU PLPTES

,j,.145 DO 303 MPU3.YPX
14o MEXCMEP(mp)
141 C!'! STEP THkU EDGES
148 DO 101 kFE-I.Y'EX
14Y XPHI'IX(t2;ý,ME,I)+0.5*VMAG(?'AP,MAE)*V(MP,N'E,I)
150 YPHW-X(MP.ME.2)+03.5*VMAG(M',P,ME)*V(MP,.''E.2)
3531 PHWR(XP.NE)=ETAN2(YPHW,XPHh)
152 .1I CONTINUE
153 Ij-(.NOT.LDFBUG) GO TO 103
154 WRITE(6.*) (PHWR(MP,ME),,-4E=I,MEX)
15b 103 CONTINUE
ISO CI!! 4. DETEWM~INATION OF PARAMETERS FOR RAY DIFFRACTED
157 C!!! .5Y PLATE EDGE AND THEN REF:LECT4ED OFF OF CYLINDER
156 DO III XPaI,MPX
159 AlExamEPUmP)
160 00 111 ME=1,14EX
361 1113 LDC(16P,9E)=.FALSE.
3o2 CIII STEP THkU PLATES
30 DO 114 MP=34APX
104~ IF(LSHDU.IP)) GO TO .114
lob MEX*MEP(P.P)

106 C!I!! STEP TK3U EDGES
108 IF(FNP(MP,MvE).LT.0.) GO TO 112
log LDC-(MP,ME)=.1RUE.
1W, .112 CONTINUE
171 .113 CONTINUE
112 IF(LDEBUG) VIRITE(o,*) (LDC(MP,ME),MEwI.MEX)
173 .314 CONTINUE
1314 UDC(I)*ZC(3)+A*CTC(3)
1-)5 UDC(2)=ZC(2)4A*CTC(2)
17o IF(LD)EBUG) V1WTE(0,*) UDC(IY',UDC(2)
177 CI!l STEP THIIU PLATES
3718 DO 1318 NP=I,MPX
1,19 MEX=MEP(MP)
380 CIII STEP T1{k3J CORNERS
383 DO 118 fAEm3,AEX
3b2 IF(.NOT.LDC(MP,ME)) GO TO 118
38.3 MJ=ME+l
184 IF(MJ.GT.MEX) 10.=1
385 VDCA=BTANl2CA*X(MP,lME,2),B*X(U!P.ýE, I))
380 VDCI3=BTAN2(A*X(MP,AIJ,2),B*XU14P4AJ,3))
18, VDC(MP,ME)ec.5*(VDCA+VDCB)
3b8 C!!! CALCULATE (STARTINq) REFLECTION POINT AT MOST
189 Cl!! POSITIVE END OF CYLINDER
390 XOB( 3)=A*COs(VDC(mP,.%E))
3(03 XOB(2)mb*SIN(VDC(MAPd4E))
192 XO8(3)mUDC(3)
393 VNXmt3*C(.,S(VDC(MP,.ME) )

IS4 VNY=A*5 N (VDC(AtP, ME) )
19b C!!! COMPUTE STAH)IING DIFFRACTION POINT CORRESPOND)ING
390 clI! TfO REFLECTION~ POINT AT MOST POS. EN!) OF CYL.
IV CiI! CALL I)PTNFI1(XS,XOfl,XDC0F,?P)

19 i!CALCULAIE CO3RRESPONDING REFLECTED RAY PROPAGATION
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IYY' C! Of fW-CTrI 0N FOR ABlOVE (10+1ACTI01t AND PPFL. POVITS

201 VI(2)-XCB(2)-XDC(2)L
202 VI(3)=XOB(3)-XDC(3)
20.3 CNIP=VNX*VI( l)+VNY*VI(2)
204 CNIN=VNX*VI(2)-VtIY*VI( I)
205 PDCW(MP1,?.'E, I )=1TAl2( (CNliN*VItX-CllIP*VMY) ,-(CMIP*V!1X4.M '!*Vt.)

26 CPDCmCO5 (PDCh (MP,A.E, I)) )
216-1 SPDC=SIN(PDCP(MP,.k.E, I )

208 TDCR(MPNIE, I )=BTAN2(-C14IP, (VIIX*CPDC+VIIY*SPDC)*VI (3)
20,' CMI CALCULATE BOUND ON4 REFLECTION ANGLE

410 UUC(MP,ME, I )=COS (TDCRie¶P,:lE, 1))
2.11 CM! REPEAT CALCULATI(AIS FOR MIOST NlEGATIVE ENDCAP
212 CALL TAtNG(DTCPVTCP.bTCP.XDC)
21.3 XOB(3)=UDC(2)
214 CALL UPI M:M1XS,XOB,XDC,ME,.1P)21b I~l)XOEl)-XC~£
21o VI(2)=XC.B(2)-XDC(2)
21-1  VI(3)=XGP(-)-XDC(3)
218 CrlIP=VN).*vi( 1)+VNY*VI(2)

2 1 ýv CNltl=VNX*VI(2)-VNY*VI(I)
220) PDCR (MP.IME #2)=8TAt12 ( (CNlIt)*VN4X-CNIP*Vi\y),-(CtIP*V'IX+C,';1 1*VNY))
221 CPDCxCOýý5PICR(1P.NE.2))
222 SPUC=SIN(POCR(MP.ME.2))
22-* TUCR (IP,ME,2 )=BTAN2(-CtNI P, (VI!X*CPDC+VNY*SPDC)*VI (3))
22 t CALL TANG(DITC,',VTC.M,8M.N.XDC I
226 C!!! DECIDE WHICH STARTING LOCATION TO USE BETWIEEN MOST
227 C!!!I NEGATIVE AND MOST POS. END CAP VPLIIES
228 IF(DTCN.GT.DiCP) GO TO 116
22S, DTTDC(MPgME )DTCP
2-'- DO 115 J=1 ,4
231 115 BTDC(MP, ?/E,J)=IiTCP (J)
232 GO TO llý,

-3. 116 DTDC (AP,jME)-DTCN
2.34 00 117 J=1,4
231t it~ B TDC CAP,AEJ) =5TClN(J)

2z6 .1S CONTINUE
237 IF(.NOT.LDW8UG) 00 TO 118
238 adNITE(o,*) VDC(MP,,ME), (PDCRCMPIAE.J) TDCR(-MP..PE,J) Jul 2)

2', 2,DUI1C(MlF,~'E)
24 k) WkIT1ý(o.*) (PTDC(,VP,1.'EJ),J=1.4),(DDC(M'P.l4E.J),J=1,2)
241 118 CONI INULJ
242 RLTUWIM
243) END
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-o IMAGE

j PURPOSE

To determine location of source image for reflection of source
ray off of plate NP. (double reflection image locations may be obtained
by calling IMAGE twice; once for the source ray reflection from plate
NP and once for the reflection of the ray from the image location off
of the second plate.)

I PERTINENT GEOMETRY

SOURCE LOCATION

sxis

-AN

CORNE I• PLATE MP
i I. AN CONE1

•iI • Z [O PLATE MPIz

AN '• IMAGE LOCATION

Y" XT.I

Figure 75-- Geometry for determining source image location.
VN = plate unit normal = • VN(MP,l) + A VN(MP,2) + A VN(MP,3)

T= XIS(1) + 9 XIS(2) + A XIS(3)

x= X(NP,1,1) + y X(NP,1,2) + z X(MP,1,3)

METHOD

The source image location is given by

XIT- s- + 2 AN X• x II(1) + y XII(2) + z XII(3)

where
:: A : ( - ^

AN T.XLS)VN
and g, TIS, and IN are as shown in Figure 75.
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FLOW DIAGRAM

IMAGE (XII.XIS,ANMP)

INPUT VARIABLES
XIS x,y,z components of source location

in reference coordinate system
NP plate into which source is imaged

OUTPUT VARIABLES
XII x,y,z components of image location

in reference coordinate system
ANi distance from plate plane to source

(negative AN indicates source
lies on the side of the plane into
which VN points)

Calculate AN, the dot oroduct of plate normal and the vector
from the source to corner #1 of the plate

Calculate the image location
TIT TIM + 2A

rReturn

SYMBOL DICTIONARY
AN DOT PRODUCT OF VECTOR FROM SOURCE TO EDGE ONE OF

PLATE UP AND THE PLATE UNIT NORMAL
UP PLAIE INTO INHICH SOURCE IS IMAGED
XII XYZ COMPONENTS OF IMAGE LOCATION IN RCS
XIS XY,Z COMPONENTS OF SOURCE LOCATION IN RCS

CODE LISTING
I C;---------------------------------

SUI•ROUTIUE IMAGE(X1IXIS,ANd-P)
J Li!!t
, L:! !! DETEI.IIE IMiA(E POSITION FOR SOURCE XIS IN PLATE CIP.
1% C!!I! AN INUICATES ;IHICH SIDE OF PLATE SOURCE IS LOCATED
0 C! II ULATIVL TO PLATE NORMAL.
7 i !1
k. DImLNSILN XIl(3),XIS(3)

CO).IttONA/EUPLF/X(14,6,3),V( 4,0,3),VP(I4.6,3),VN(14,3)
I 2,:.IEP( 14),.'.PX

12 OU 10 NaJI,3
•:~1. 16 ) Al,-AfH (•(A4P, I, N )-X ISiN ))*V N( MP, P!)

14 DO 20) N=I,3

t o I(ETURN
17 EINl
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IMCDIR

PURPOSE

To determine the source imiage axes directions for a source
A after reflection off a given end cap.

"PERTINENT GEOMETRY

A
SOURCE

P AXESAA

PN PNz.

PBX Ps aw

A
1777; 1 If 7, 1 f ## I # F I I'I f "' 111) 7, 77t"

N-END CAP SURFACE

PN

IMAGE -PB Pa
AXES4

Figure 76a-- Illustration of imaging of source axes

for magnetic source.

Ax R VSOURC(1,1) + 9 VSOURC(1,2) + T VSOURC(1,3)

4pi = x VIMAG(I,1) + ^ VINAG(1,2)+ VIMAG(l,3)
An =unit normal of eindcap

= unit vector tangent to endcap
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An
AEp JXP SOURCE

AXES

PNx pNz

PBX PBz

A
tiff if orrrrr7, 7fl 7l'w 77'• f if firi 'le if A, 1 3 s-t

A Nk"END CAP SURFACE

"PN 
x SIMAGE

-pez PBXAX ES

Z-PN 1  ýp

Figure 76b--Imaging of source axes for electric source.
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I

VNC

VC

* VC

S* Figure 77--Endcap coordinate system.

SA A

n = VNC = x VNC(1) + y VNC(2) + z VNC(3), VNC(2)=O
A A

t = VC = x VC(1)+ y VC(2) + z VC(3) , VC(2)=O

METHOD

The source image axes unit vectors for an electric source
imaged in an end cap are given by

A AA A A A ^A

Xp = (-x *n)n + (x *t)t+ (x *b)b
A A A A A A A A A

z p (z *n)n + (-zp t)t + (-Zp b)b• Zpi

y = Z x X

For a magnetic source, the axes are given by
A A A A ^AA

Xpi= (p" + (-p" + (-xp"
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zpi ( -z1 .fl* n n i z + ( .)

A A
1  

A

axes and x pit ypi, zpi1 are the unit vectors of the source image co-
ordinate system for the end cap.

FLOW DIAGRAM

INCOIR (VII4AGVSOIRCv.VC)

VS"UC x. y, and z components definin ntho
source coordinate system axes ?
RCS comoonents

VNC A. yt and z components of the
end cap unit normal

OUTPUT VARIABLE

VINAG X.. Y, and z components defining thesource image coordinate system axesin RCS components

Stp through x and z 
axes

LKI Cor0responds to lP axis transformat ion':3 ors ponds to ZP axis tran tormeat 1gm

Transform Iedge anti back

%4 feffrtnce C.OOdfna~te
sys" uc~owntntl

Tau, cross predv.t at a itad 4 t"Se
Jae% to obtAin Y masge it's
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I" q

"SYMBOL DICTIONARY

A K INDEX VARIABLE
L INDEX VARIABLE
LL INDEX VARI ABLE
Pb DOT PRODUCT OF END CAP UNIT BINORIMAL AND UNIT VECTOR OF StCJRCE

AXIS BEING IMAGED
Pm DOT PRODUCT OF END CAP UNIT NORMAL AND UNIT VECTOR OF SOURCE AXIS

"BEING IMAGED
PT DOT PRODUCT OF EIND CAP UNIT TANGENT AND UNIT VECTOR OF SOURCE

AXIS BEING IMAGED
VC X,YZ COMPONENTS OF UNIT VECTOR TANGENT

TO ENO CAP (IN X-Z PLANE)
VIMAG ARRAY OF COMPONENTS DEFINING THE SOURCE IMAGE COORDINATE

SYSTEM AXES IN (XY,Z) REF COORD SYSTEM COMPONENTS
VNC XY, AND Z COMPONENTS OF END CAP UNIT NORUAL
VSOURC ARRAY OF COMPONENTS DEFINING THE SOURCE COORDINATE SYSTEM

AXES IN (X.YZ) R5LERENCE COORD SYS. COMPONENTS

VZYVY X.Y. AND Z COMPONENTS OF SOURCE AXIS BEING IMAGOD

CODE LISTING

2 SUBNOUTIIKE IMCD1R(V •4AG.VSctRCVWc)

4 U(;!! OtIEMINES DIRECTION OF IMAGE S)IWCE COORDINATE
•Clf! SYSteM FO TIh aeNU CAPS.

DIMENSIiN VtMAG(3)3.VSII&!C(3,3).VNC(3).vC(3)+b cWIYAI•/IARPIIM,HHAIM
+ + VCt| u-A+iC(3)

12 Off I MAGE X DAD Z DIPVLE AleS

13 DO 15 LLu1,2SI ,, LuLL- I

to CII TkAI.SF~k AXIS TO END CAP C0000NATE SYSTF4
17 Vxf-uukc1K. I)I d VX-,V.•.kc04z e)It.le vYUVSOUkCt i%2 )

21i4 14 L' 1.iI G O W
r 27 P"•-Pb

2* mittCOV

37
u3 v.II .um;( -,i;$ V )( n : IPT.E .iV O

3 .o,, LII .I tat l.. AXIS i
I 4IJ I •'- .P+- M.•.,3+V ~• ,!I.- ~&(+ -,++•• .3
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"* IMDIR

PURPOSE

To determine the image source axes directions for a source (or
source image) after reflection off of a given plate.

PERTINENT GEOMETRY

A 
"

n

SOURCE A
A AXES z

PNQJN

PNsf
PO! P8

*. jj • • IMAGE AXES

Figure 78a--Imaginq of source coordinate system for electric source
(shown irn two dimnsions for simplicity).
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t ^~ SOURCE Z
A AXES

P al P93

nA

A

A SLATEEMP

PN3

i.~ ~~ ~ M MAGE -- • ~

AXES ".•

143
Figure 78b--Imaging of source coordinate system for magnetic source

(shown in two dimensions for simplicity)

The current flows in the ip direction.

n = plate unit normal = iVtWO,1) + ý VN(IP,2) + i VN(MP,3)

t unit vector tangent to plate 2 i V(Q,1,1) * ^ V(MP,1,2) + i V(IP,1,3)

b n x t x VP(WP.11) + y' VP(P1,2) + VP(WP,1,3)

(unit rectors t and b arbitrarily chosen to be edge vector V and bi-
normal VP of edge #1 an the plate).

M ETHOD

The source iwge axes unit vectors for an electric source are
given by

° (-x .n)n,* (x .t)t+ (x € b)b

S2p, (Zp-nln + (-zp-t)t (-zp-b)b

V Ypi zpi 'pi

I.



7or a magnetic source the axes are given by
A I I 4 A A A A

pi= x*n)n + (-x pt)t + (-x pb)b

z pi =(-Zp*n)n + (zpot)t + (zp*b)b
A A

Ypi = Zpi x Xpi 5

where Xp,^yp, zp are the unit vectors of the source coordinate system

axes and Xpi, Ypi" .Vi are the unit vectors of the source image coor-

dinate systo%.

FLOW DIAGRAM

Subroutine IMI)IR(VIHAG,VSOURC.MP)

INPUT VAPIABLES
MP pl, reflection occurs
VSOURC x,y, ,onents defining the source

coordinate system axes directions in
reference coordinate Systemn components

OUTPUT V.ARIABLFS
VIMAG xy.z components defining the u5jrce

image coordinate system axes directions
in reference coordinate System componenLs

Set K (Xp axis transformation)

STransformn dioole axis tapaecoordinatsytm-

SC alc-cu late image ax is d irect ion !

Transform image ayis direction bac', ýo reference

coordinate system

No Set K-3 (z
does K3. O axis trans?

formation)

Yes

Ti-:e cross product of z and x axes to
obtain y axis I÷i'ect dxn

Return
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* I
SYMBOL DICTIONARY

K=I CORRESPONDS TO XP AXIS TRANSFORMATION.
K13 CORRESPONDS TO ZP AXIS TRANSFORMATION

L INCREMENTAL VARIABLE
AP PLAIE OF REFLECTION
PB COMPONENT OF AXIS IN PLATE PLANE NORMAL TO EDGE

PN COMPONENT OF AXIS NORMAL TO PLATE

PT COMPONENT OF AXIS PARALLEL TO PLATE EDGE

VI•AG X,Y,Z COMPON'ENT-S DEFINING UNIT VECTORS OF T14E

IMAGE SOUhCE COORDINATE SYSTEM AXES Ill RCS

VSOURC X,YZ COMPPONENTS DEFINING UNIT VECTORS OF THE

SOURCE COORDINATE SYSTEM AXES IN RCS

VY X,Y, AND Z COMPONENTS OF AXIS UNDER

VZ TRANSFORMATIGN IN RCS

CODE LISTING

"I C -.----------------------------------
2 SUBROUTINE IJDIIU(VIMAG,VSOURC,4P)

4 C!!! DETERM.INES DIRECTION OF IMAGE SOURCE COORDINATE
5 C!!! SYSTEM FOR PLATE #MP.
6 e DIMENSICN VIVAG(3,3),VSOURC(3,3)
7 COl:J4Ot/FAfP/I:, H, HAW
"" CO I.. ON/C.EOPLA/XU(4,6,3),V(14,6,3¾)VP(14",6,3),VN(14,3)

, 2 2,gEP(14),MPX
10 C!!! IMAGE X AND Z DIPOLE AXESII DO 15 LL=i,2
12 L=LL-1
1.3 K=I+2*L

I' C!!! TRANSFO.I AXIS TO PLATE COORDINATE SYSTEM
15 VX=VSOURC(K,I)
!o VY'nVSOUkC(K,2)
17 VZ=VSOUkC(K,3)
lb PN=VX*VN(AP, I.)+VY*VN(MP,2)+VZ*VN(MP,3)
19 PT=VX*V(NPpl,l)+VY*V(MP,1,2)+VZ*V(MP,1,3)

20 DB=VX*VPC(MP,I,1)+VY*VP(14P,1,2)+VZ*VP(1P,I,3)
21 C!!! FIND IMAGE AXIS
22 IF((Im,+L).EO.i) O0 TO 10
25 PN=-PN
24 GO TO 20
25 10i PB=-PB
2o PT=- PT
21 20 CONTINUE
2b C!!! TRANSFORM IMAGE AXIS BACK TO REFERENCE COORDINATE SYSTEM

i 2ý DO 15 NI,3
.3L 15 VIMIAG(K,N)=PN*VN(,M.iPN)+PT*V(MP.I,N)+PR*VP(MP,I ,N)
.31 C!!! TAKE CROSS PRODUCT OF Z AND X AXES TO OBTAIN Y AXIS

32 VIMAG(2.1)=VIMAG(3.2)*VIMAG(I,3)-VIMAG(3,3)*VI ;MAG(1,2)
33 VIMAG(2,2)=VI.AG(3,3)*VIl AG(l,l)-VIMAOf(3,1)*VIMAG( I,3)
34 VIMAG(2,3)=VliAG(3,1 )*VI;MAG( 1,2)-V IMA..(3,2)*VIMAG( I, I)
35 RETURN

50 END
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INCFLD

PURPOSE

To calculate the far-zone electric field transmitted by the
source in a given direction with phase referred to the reference
coordinate system origin.

PERTINENT GEOMETRY

Z

A
D

y

I
x SOURCE LOCATION

Figure 79--Geometry for source radiated field.

source location = • XS(1) + " XS(2) + z XS(3)

= propagation direction unit vector = D D(1) + 9 D(2) + D D(3)

METHOD

The direct field from the source incident upon the far zone

observation point is found by adding the far field phase factor ejku'^g

to the source pattern factor. The existance of the field is first
tested by checking if the ray from the source to the observer is
shadowed by a plate or cylind-,. If it is shadowed the field is
set to zero. If it is not shadowed the field is given bye-JkR

ri(re) = Wm(ETH6+EPH$) Te "

e -jkR
The factor and source weight (W.) are added elsewhere in the
code.
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FLOW DIAGRAM

INCFLD (ETH,EPHLSOR)

INPUT VARIABLES

LSOR set true if plates and cylinders
_ are to be ignored (source fields only)

OUTPUT VARIABLES
ETH thetj component rf transmitted E-field

in the RCS with phase referred to
the origin

EPH phi component of transmitted E-field
in the RCS with phase referred to the

- • origin

Does
ray htaclner? Yes

~- No

Compute source pattern
.factorI

Com pute factor to refer
Sphase to RCS origin

Compute tbeta and phi components of
radiated field in RCS

ET 0E
EPH:O

Retu2rn73

273

S ' ! 1 .4



SYMBOL DICTIONARY

D X,YZ COMPOIENTS OF RAY PROPAGATION DIRECTION
IN Res

EPH E-PHI COMPONENT OF SOURCE FIELD
ETH E-THETA COMPONE'IT OF SOURCE FIELD
LHII SET TRUE IF RAY HITS PLATE OR CYLINDER
PH COMPLEX PHASE CONSTANT (USED TO REFER PHASE TO

RCS ORIGIN)
PHSR PHI COMPONENT OF PROPAGATION DIRECTION IN ReS
THSR THEIA COMPONENT OF PROPAGATION DIRECTION IN RCS

CODE LISTING

I C ..------ ----------------------

2 SUBROUTINE INCFLD(ETh,EPII, LSOR)
3 C!!!
4 C!!l COMPUTES THE DIRECT FIELD FROM THE SOURCE WITH PHASE
b C!!! REFERRED TO THE ORIGIN.
6 Citt

7 COMPLEX ETH,EPH, PH,CJ,CPI4,EXEY,EZ
8 LOGICAL LSOR,LHIT
9 COMM ON/SOR I NF/XS (3), VXS(3, 3)

-0 COM,.10tf/PIS/PI,TPI,DPR,RPD
1II COMMON/DI R/D(3),THSR,PHSR,SPS.CPS,STHSCTH S
12 COMM ON/COMP/CJ,CPI4
13 COMMON/THPHUV/DT(3) ,DP(2)
14 IF(LSOR)GO TO I
1b C;!t DOES RAý HIT A CYLINDER?
16 CALL CYLINT(XS,D,PHSR,DHIT,LHIT,.FALSE.)
I• IF(LHIT) GO TO 12
18 C.!! DOES RAY HIT A PLATE?
19 CALL PLAINT(XS,D,DHI T,0, LIIT)
"20 IF(LHIT) O0 TO 12
21 C!!! IF RAY DOES NOT HIT ANlYTHING, CO-.PUTE SOURCE FIELD
22 Cil! PATTERN FACTOR
23 I CALL SOURCE(ETH,EPH,EX,EY,EZ,TPSR•,PHSIl,VXS)
24 C!!! COMPUTE PHASE FACTOR
25 PH=CEXP(CJ*TPI*(XS(I)*D(I)+XS(2)*D(2)+XS(3)*D(3)))
2o C!!! COMPUTE IHETV AND PHI COMPONENTS OF RAVIATED
21 C!lt FIELD IN RCS
28 ETH=PH*ETH
29 EPH=PH*EPH
30 RETURN
31 12 I8TH=(0.,0.)
"32 EPH=(O.,0.)

31 RETURN
34 ENLU
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NANDB

PURPOSE

To calculate the unit vectors for ra s normal and tangent to
Sthe elliptical cylinder at a given point XC (in x-y plane) defined

by elliptic angle VR.

PERTINENT GEOMETRY

iUT UN
jtC

A

"Figure 80--Illustration of unit vectors tangent and
normal to the cylinder.

.UT= UT(1) + A UT(2)

UN x UN(1) + y UN(2)

S= A cos(VR) + A B sin(VR)
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METHOD

For the point on the cylinder defined by the elliptic angle
VR, the unit normal vector is given as

U•N x B cos(VR) + 9 A, SIN(VR) .

I B2 cos 2 (VR) + A2 sin2 (VR)

and the unit tangent vector is given by

AUT - -x A sin(VR) + . B cos(VR)

B2 cos 2 (VR) + A2 sin2 (VR)

as shown in Figure 80.

FLOW DIAGRAM

NANDB(UN,UTVR)

INPUT VARIABLE
VR elliptical angle defining point on

cylinder (X() for which normal and tangent
unit vectors are to bs calculated

OUTPUT VARIABLES
UN x and y components of unit vector normal

to cylinder at point )T in RCSUT x and y components of unit vector tangent

to cylinder at point X' In RCS

Calculate unit normal and tangent

SYMBOL DICTIONARY

UN X AND Y COMPONENTS OF UNIT VECTOR NORMAL TO CYLINDER IN RCS
UT X AND Y COMPONENTS OF UNIT VECTOR TANGENT TO CYLINDER IN RCS
VR ELL ANGLE IN ERCS DEFINING THE POINT ON CYLINDER FOR WHICH

NORMAL AND TANGENT UNIT VECTORS ARE TO BE CALCULATED
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CODE LISTING

2 SUBROUTINE NANDB(UN,UT,VR)

4A C!!! COMPUTES N~ORMAL AND TANGENT VECTOR AT ANG LE VR ON THE
b C11! ELLIPTIC CYLINDER.
6 CH!!
7 DIMENSION UN(2),UT(2)

8 COMMiON/6EOMEL/A,B.ZC(2).SN4C(2),CNC(2),C-TC12)
9 DN-SORT(A*A*SIN( VR)*SIN( VR),B*8*COS(VH )*COS(VR))

10t UN(1)-B*COSCVR)/DN
HI UN(2)inA*SIN(VR)/D)N
12 UT(1)-UN(2)

14 RETURN
15 END--

27



OUTPUT

PURPOSE

To output various representations of the computed fields on the
line printer.

METHOD

This subroutine outputs vari6us representations of the fields
on the line printer for a convenient analysis of the data calculated
for a given pattern computation. The fields are represented in com-
plex form, magnitude and phase, normalized and unnormalized, and in
decibels. If the far field range is specified the fields are output
in volts/meter. If no range is specified the fields are given in
volts/unit. If the power radiated is specified the directive gain
is given. If it is not specified the radiation intensity is output
instead. Also, the major and minor components of the total fields
are given, as well as the axial ratio and tilt angle of the polari-
zation ellipse. Complete details of the output presentation are given
in the User's Manual[8].
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FLOW DIAGM
OUTPUT(ETHETAEPHI,LCNPAT,TPPC,NBNNEN.NSN)
INPUT VAR IABLES
LCNPAT a logical variable:

set true if the pattern cut is taken holding
theta constant and varying phi,
set false If the pattern cut is taken holding
phi constant and varying theta

TPPO the pattern cut angle which is not varied
"N8N integer angle variable defining the starting

point for the pattern angle to be varied
NEN integer angle variable defining the final

point for the pattern anole to be varied
NSN Integer angle defining the increment angle

size used in computing pattern angles.

OUTPUT VARIABLES
ETHETA complex array containing the E-theta

field
EPHI complex array containing the E-phi

field

FSet up constant parameters

Output E-theta component
of fields

Output E-1phi com~ponent
of fed

Output total field
representation
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SYMBOL DICTIONARY
AXkAT AXIAL RATIO OF POLARIZATION ELLIPSE
EDIF2 COMPUTATIONAL VARIABLE
EMAJ2 MAJOR AXIS RADIATION INTENSITY *2*ZO
EMIN2 MINOR AXIS RADIATION INTENSITY *2*ZO
EPHA PHASE OF EPHI
EPHDtb E-PHI DIRECYIVE GAIN OR RADIATION INTENSITY
EPHUbN NORMALIZED E-PHI GAIN OR INTENSITY
ýPHI COMPLEX ARRAY CONTAINING THE E-PHI FIELD
EPHM MAGNITUDE OF EPHI
EPHýN NORMALIZED E-PHI MAGNITUDE
EPHMR MAGNITUDE OF EPHM WITH RANGE FACTOR
EPHMX MAXIMUM MAGNITUDE OF EPHI
EPhPS PHASE OF EPHR
EPHR EPHI WITH RANGE FACTOR INCLUDED
ETDEIA>) MAXIMUM MAGNITUDE OF THE RADIATION INTENSITY*2*ZO
ETHA PHASE OF ETHETA
ETHDB E-THETA DIRECTIVE GAIN OR RADIATION INTENSITY
ETHiIbN THE'A NORMALIZED GAIN OR INTENSITY
ETHE-A COMPLEX ARRAY CONTAINING THE E-THETA FIELD
ELIHM MAGNITUDE OF ETHETA
EThMIJ NORMALIZED E-THETA MAGNITUDE
ETHMk MAGNITUDE OF ETHM WITH RANGE FACTOR
ETHMA MAXIMUM MAGNITUDE OF ETHETA
E1HPS PHALE OF EThR
ETHh ETHETA hITH RANGE FACTOR
ETL712 RADIATION INiENSITY TIMES 2*ZO
ETLIN NORMALIZED GAIN OR INTENSITY
FACP GAIN OR INTENSITY FACTOR
iACPDE iACP IN )b
FkANG RANCE FACTOk
GLUfkA COMPUTATIONAL VARIABLE
Gm/j MAJCR AXIS DIRECTIVE GAIN OR RADIATION INTENSITY IN DR
UMIN PINLR AXIS DIRECTIVE GAIN OR RADIATION INTENSITY IN DO
GTG± DIRECTIVE GAIN OR RADIATION INTENSITY IN DB
UTLTN NORMALIZED GAIN GR INTENSITY IN DECIBELS
I DO LCOP INDEX
IM INTEGEk VALLE OF ANGLE BEING VARIED
IMAX NUMbEr OF LINES TO BE OUTPUT BETWEEN SPACING
LCNPA'4 LOGICAL VARIABLE RELATED TO THE PATTERN CUT TAKEN,

LCNPAT=TWUE Ir THETA IS FIXED AND PHI IS VARIED, AND
LCNPAT=FALSE IF PHI IS FIXED AND THETA IS VARIED

NBo.. OE PLUS NBN
NBN Al INTEGER DEFINING THE STARTING POINT OF PATTERN

ANGLE TO BE VARIED
NELM C;E PLUS NEN
NEI; AN INTEGER DEFINING THE ENDING POINT OF THE PATTERN

AN1GLE hHICH IS VARIED
NS!. AN INTEGER DEFINING THE INCREMENT IN THE PATTERN

ANGLE %HICH IS VARIED BETWVEEN STARTING AND END POINTS
PHI FIXED PHI ANGLE
vtANCL kANULE PH'SE VALUE
ST'ILT: Slii OF TILIA
[HI FI XED THETA JINGLE
TILIA TIL'i ANGLE CF POLARIATIOIN ELLIPSE IN RADIANS
TIL-R, TIL'i ANGL.L IN DEGREES
TPFD THE FIXED ANGLE DLFINING THE PATTERN CUT

2
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CODE LISTING

2 SUBWOUJTINE OUTrPUT (ETHETA.EPHI .LCflPAT.TPPfl.IIBN.1JEN.NSUI

4 C111 THIS SIMhHOUTINE IS USED 10O UT~PUT E-THETA A~4f E-Ptit
5 !I PA11ENN DATA ON THIE LINE PR4INTER. IT IS OUTPUT 111TH

e6 LH! EACH PAVFERil CALCUILATION4 AL A PRINTED RECORD OF RESULTS.
SLIII

bCOMAPLEX ETHJETACI ).EPfj4I C).ETHR.EP$IR, FkA11
LOGICAL LPflAD.LRlArJOLCN0~AT

IV~ COMMONq/LUTPTP/LPRAr,L RANO, PRAD1,RANG 9 V1..11 CUW.1O?/PIS/PI,TPI,DPR,RPD
12 100C FORMAAT (I H

It

2.3 105 FOICA1C3.' AT X, * *

2.it, I~ *U~ A * I,* * *

;0I~5 1- Ole AT(-'I,'* *.* .o0

2 * 0 * 4 * **

ci 5 4 *2,UW~AI 5,1RPLM

2..L~ * * 4*04* 0



4 f 152 ýI-OICAT (6X,'*THETA'.9X,'PHI-', 6X,"E-PHi'P,14X,'PFASE,',7X.
4,1 'MAGN1TLDE',,-X,'Dpt GAIN' ,6X,'?AAGf1ITtrIlh:,7X,'I)R1)
4v 15-- FORAAK1 (6,TLT'ýXIHI1X'-HTI1X-PAE.X

t0, 2'MkAU3;ITLDF1,4X,'DrB GAI!I' ,6X,'M!AGN!ITUnE',7X,'rM3',)
,)I I .L t FOR A71 ( 6X',FI IIIET A I, 9X , IPF 10, 15 X , -E-T -T A ',13 X.IP PIA SE7 X,
5)2 2',.1AGN1ITUrDE',2X.DR) ITTrE?J. , 5X.,'A'AGNIlýtJOE',7X,'lr'Bl
,X3 15o FOW-1AT(oX, TFZFTA, 9X,1PHII 6X F-PHIi, I 4X.'PHASE,' 7X.
5-, 21?,1AG,.I7LDE-,':.X,1DR ITN',X'A~JT~,'7,D-

1-5 1)1 F01?'-,AT (

54, 'AA1 FOI,);.!sT I HO!)
(A. t FQ~ik¶1AT (2-X.V(F10.-5,3X))

C 2! EFT UP CCNS1PT'S

-5 IF(LCNPIT) T'HI=TPPD)

c ~fi-(.:IOT.LRAr:G) GO TO 600
kA':~GL=Rtt*r6/V L-AI NIT CRANC-VVJL)
F! A?i0CL- .1P(IPX(). .- TPI*RANCGL ))/R Af3G

1I-(LP4F) Cr=1 ./C60.*PRAD)
FACPI,8-10.*RLOC.I0(FACP)
ETHM.X = AbF (ETHFTA(1)M

75 EP'i,%X - FABS(rEPHI(
ETOT " XETHY X*FT HM.XeEPHM1lX*EPHM'X

E-TH"! EABS(ETHETA(1)
7, IF[~ (E-THIý .(-,T. ETIf{NX) ETH?qX = T41

~~ EPHM = E ADS( FPPIKI ( I )
Ii's (EPHN. G-1. EPH:IX) EPH!.IX = EPHN'
ETOT2=ETIJ:4.*ETh4'i+EP{M*ED!-IJ4
Ii:(EYfOT2.C)T.FTOT'.IX) E'TOT*.IX=ETOT2

h4 i CONT I NU
tý C!! '' U1Wh'L r--THETA REPRESENJTATION'S

* ~ ~ iI U (o, 100)

bis, WkITE (c:,I VI

iv 01 VitI TE(c~, 15'12
VjIT (o %I) VP1TE 3) 5

Ii C tITI (c , 104)
ir (L 105XI )¶~l:

4 I T'z (Lc:IP V6) PI=

1.,., 'F. ,NT51RL3 I-IT ( ,15

11'3:1=
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IL ~ CONT[I NUE
1 14 ITHk=ETI!ETA( I)*F~fANG
KY hTH'A - LA'9S( ETHETA (I8

I Vi EflPS - DPk*6TAI12(AI Y.AG( ETPR),REAL CETHR))
1 1,47~r = 2'i.*FLOGjI0)(ETH)A).FACPDF

*E-i HM ' = ETHM/ETHýIX
12 11 ETHL-Bil 20.*RLOGI0(E7HMV)
I'll It: ( IXT. I MAX) IMAX - IM.AXI103*NSr
122 W1IITE (o,501) THPI TREHSEH!4ETD.TP(.TDý
123 IF (I -EC. IAVAX) IJRITE (6.4(YU)
124 2 CONTINJUE
1 5 L! !! U1PIf h-PHI kEPRESENTATIOt!

14 O lI T E (o, I M
127 rkjITiE (o.1200

12 W'kITE (c,3(10)

1 7 1 WkIT;: (o,206
I ~ 'kIT (o.202)
I I~WITF (oI5)

iI I *ITE (6.2151)

I4~ IF(LPRAD) AdRITE (6,152)
141 IF(.1IOT.LPFA0) VI'RITE(6,156)
142 VINITE (6,154)

I Ai ý)I MAX = I r?*IS4+ I
144 DO) - 1 = NB9..NEM.NSN
14b 1M1'-lI-
140 IF(LCZIPAT) PI-fl=IM
147 IF(LCI.'PAI) GO TO 35

1"o Iff(IM.0-T.18") GO TO 34
I ", PHI=`PP[J

151 GO TO 35
152 ~4 PHI =TPPD+ I So.
'5)3 IF(PHI.UE.3oo.) PHI=PHI-36('.
I '.)4 TH I -3o0- IM
1--5 `5 CONJTINIUE

I t'(j EPl-h(EPlII (1I*FRANG
157 EPHPh a LAUS(EPHI(I)

15 ~EPfW1?-EFPH.M/RA1.G
11-1 EPHPS = DP~i*ETAN,2(AIMiAG(EPI-R).REAL(EPH4R))

10(6 EPHOB = 20.*F.L0GI0,(EPHM)+FACPDT1
101 EpfH.\?N EPHIVEPHWAX
I (2 EPIlDitJ - 2'.*E3LOGI0(HEPHMN!)
1o0' Ir: (I .G.T. IIAX) IMAX -I1/AX+I10*NSN

16 d. WkITE (6,501I) THI 9PHI, EP[!PFPHPS.EPH'R.EPHDr,1EPH'I?IEPHDB.N
I ot I1F (I I.E V A X A) IVRITE (6,400~)
IUD COAITIUE
Io'l C!"! OUTPUT ICTAL FIELD REPRESENTATIONJS

I 4,IdT" (c~~i

icyk ITkI!i(6, 1 it)

1,4 -V I F)1A'TOTAL OIUFC1IVE GAIN IN flR 0///)
I', j IF(.'JofC.LPPAI) I*4ITE(6,J03)

17o Qý3 rCUA('TOTIAL PALIIATIOtl IN:TENSITY IN flR.'#///)
1-77 .I1(
178 II * lF'IA1 V) ;ITE( a. J'2)
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Ih op _2 r;U:.,AT ((X,'Tl-ETAl',VX,'Pf' ,9X. 'MAJOR'. SX,'-MINOR", 7X
laý 2,tTILl ANGp.4X,--AAIAt. IATIO',2X. -TOTAL GAIN-'.4X,,'~lORl" GAIN')
lb] lz-(.&.dfi.LPNAD) WRITE(6,3VA)

lb. 2,0TILT ANG0,4X.'lAXIAL RATIO0',2X, TOTAL P1TEI.' 1,2XNORM',
184 2' IWTE?.')
155 1 MAX= I *NS11+ I

l~, DO 4 I=NbANE.I.flSI

IbE IF(LCtIPAT) PHI-IM
I b (f tF(LCIIPAI) GO TO 45
1ý10 F(IlM.GT.180) GO TO 44

lii1 PHI=TPPI)
IQ 1 'H I -IM.
l'92 GO TO 45
IS 4' PHI-TPPD+1865.

IF(Pl1i.GE.360.) PHI=PHI-360.
Tl-11=36S-IM

I ý9 PH~4=8AdS( EPFIC (I
2k I" ETOT2-ETf'l*ETlW.+EPHM*E PHIM
2ý; 1 .G-rTO-hlo.*BLOGI O(FACP*ETOT2)
2L2 ET0TN-El 0T2/ErTOTMX
2V3 GTOTIJ=l1 l.*BLCG 1 (S TOTN)
2C,14 IF(I.GT.IIAAX! IMAXuII.MAX+ 100*SN

2(e o F.THA 8TAN%2(A IMiAG(ETHETA(I)),RE:AL(ETHETrA(Il))
a -1 GLUHV-A=2 .*EPFMi*ETh~k'*COS( EPHJA-E-IHA)

2- (1 TI LIA=. 5*;iTAN2 (GLURBA9 ED IF2)
TI LID=D~F*Tl LTA

211 STILTA=EIN(TILTA)1.212 E'iAJ2=-EDIF:2*STILTA*STILTA+GLURBA*STIL-TA*CCOS(TiILTA)+
21'. 2ETHM*ETl-i1
21' ()',MAJ=l0).*BLOG1(I(E~iAJ2)+FACPD13
2111 EMItI2=Ef~lI2*STILTA*STILTA-GLURBA*STILTA*COS(TILTA)+
210 2EPHM*EPHl4
21, GMIf-J=1C.*BLOGl o(E?.iIN2)+FACPflB
215 AXkAT=SQRT( AR5E'S (RH2/EMAJ2 ))

Rl.I~IE(6,500) THI,PHiI,GM',AJ,GMIW,TILTD.AXRAT.GTO)T,G-TOTN
?2o 1r(I.Eo.IMAX) WRITE(6,41)0)

22 1 WICOTINUE
222 WRITL(oWe)
22: .'IWITF'6,(iWO)
22'ý RELTURNJ
225 END
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PATROT

PURPOSE

To convert pattern angles from pattern cut coordinate system to
reference coordinate system representation.

PERTINENT GEOMETRY

zj

ZPC

k 17 I

ILI 'HI N. I

,A

Figu'e 81--Illustration of propagation direction D and reference
and pattern-cut coordinate systens.

A

A EqP€Es

Figure 82 --Illustration of polarization rotation angle ALRL
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METHOD

The observation direction is defined in the pattern cut coordi-
nate system as

A A A A

D cos(PHPR)sin(THPR)x~ + sin(PHPR)sin(THPR)yp + cos(THPR)zp

This is converted into the reference coordinate system as
AA A A A A A A A A

D =(D'x)x + (D-y)y + (D-z)z

or
A AA A

o cos(PHR)sin(THR)x + sin(PHR)sin(TER)y + cos(THR)z.

The polarization conversion angle is given by
A A

ALR =tan
1

so that after the scattered fields are computed they can be converted
back to the pattern cut coordinate system using

Eep = Ee cos(ALR) + E~ sln(ALR)

EP

E pc = _E6 sin(ALR) + E cos(ALR)
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FLOW DIAGRAM

S PATROT (THR,PHR,THPRPHPR,ALR)

INPUT VARIABLES
THPR theta component of propagation direction

in pattern-cut coordinate system
PHPR phi component of propagation direction

in pattern-cut coordinate system

OUTPUT VARIABLES"THR theta component of propagation direction
in RCS

PHR phi component of piopagation direction
in RCS ALR polarization rotation angle
such that

Eepc "o cos(ALR) + t. sin(ALR)

p -" sin(ALR) + c cos(ALR)
opc 9

Calculate propagation direction in reference coordinate
* system (x,y,z) components

Calculate theta and phi components of propagation
direction in RCS

Calculate AIR

SYMBOL DICTIONARY

ftLR POLARIZATION ROTATION ANGLE
CPH COS(PHR)
CPHP COS(PHPR)
CTH COS(THR)
CTHP COS51HPR)

. PDTP COMPUTATIONAL VARIABLE
PHPR PHI COMPONENT OF PROPAGATION DIRECTION IN PATTERN
PHH CUT COORDINATE SYSTEM
-PHNI PHI COOPONEII OF PROPAGATION DIRECTION IN RCSS 1 ~RDX

RDY XY,AND Z COMPONENTS OF PROPAGATION DIRECTION IN
RUZ RCS
SPH SIN(PHR)
SPHP SIN(PHPH)
STH SIN(IH1)
STHP SIN(THPk)
TUIP COMPUTATIONAL VARIABLE
-"HPk THEIA COMPONENT CF PROPAGATION DIRECTION IN

PATTERN CUT CUOL4D SYSTEM
THR THEIA COMP1PhN'i OF PROPAGATION DIRECTION IN RCS;' ~TX "•X,Y,Z COMtPONENT5 OF TH1ETA PULARIZATICN• UNIT-tTY • VECTOR UF PKITEhI0 CUT COODINATE SYSTEM

TZ IN RCS CAPUNEN'TS
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CODE LISTING

2 SUBR~OUTINJE PATROT(THR,PHR,THiPRPHPP,AI.R)
3 CM!
4 C!!!
5 CM! ROTATION OF PATTERN ANGLES FROM PATTERN AXES (THP,PHP)
6 C!!I! TO REFERENICE AXES (TH,PH). NOTE THAT ALR IS DEFINF1D BYS
7 CM! E-ThiETAP=E-TfIETAý*COS( ALR )+E-PHI1*SI N( ALP)
8 CM! E-PHIlP=-E-ThEFTA*SIN(ALR)+E-PHI*COS(ALR)
9 UM!

11 LOGICAL LDESUG,LTEST
12 COI:MON/IEFST/LDEBUOLTEST
13 COI..;,,ON/PIS/PI,TPI,DPR,RPD
I'., CO1..M0NI/PATDAT/XPC(3) ,YPC(3) ,ZPCC3)
15 STfP=S1!1THP!l)
lo CTHP=COS(THPR)
17 SPlip~s £ (Pllph)
18 CPHP=-COs(PHiPP)
19, C!!! CALCULAIE PROPAGATION DIRECTION IN REFERENCE COORDINATE
2u CM! SYSTE;'i (X,Y,Z) COORDINATES
21 RIJX=STHP*CPHP*XPC( I)+STHP*SPHP*YPC(1 )+CTHP*ZPC( I)
22 RDY=STHiP*CPf4P*APC( 2) +STHP*SPHP*YPC (2)+CTHP*ZPC (2)
23 RIJZ=SThiP*CPHP*XPC(3)+STH-P*FPHP*'ýPCC3)+CTI4P*ZPC(3)
24. SUN=SOW1 (RDX*1PDX+RDY*RDY)
25 C!!! CALCULKIE THP. AND PHR
20 THR=rffAI2 (SON, RDZ)
2"j PHk=B'fAN2(RDl,RDX)
283 STH-SIN(THR)
2s9 CTH=COS(T!IR)

'.u SPi-ISIW(PHR)
31 cpil=COs~pfHR

`2TX=CTH-P*CPHP*XPC( I)+CTHP*SPHP*YPC( 1)-STHP*ZPC( 1)
-- TY=CTJ{PCPHP*XPC(2 )4CTHP*SPHPI*YPC(2)-STHP*ZPC(2)
--4 CTHP*CPHP*XPC'(2 )+CTHP*SPHP*YPC(3)-STHP*ZPC(3)

-t C!!! CALCULATE ALR
31 TE)TP=4fX*CTH,.CPHi-Y*CTH*SPHf-TZ*STP

371 PDTP~-TX*SPH+TY*CPH
3, ALR=F3TAN2 CPDTP,TDTP)
;y IF (.NOT.LTEST) GO TO 1

41 2 FORMAT(1,P TESTING PAfROT SUPROUTItE' I)
421 WRITE (6,*) THR,PHiR,ThiPR.PHPR.ALR
4.3 1 kETURN

L4 END
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U* PFUN

PURPOSE
This function computes the p* function for the cylinder's acous-

tically soft diffraction coefficient.

METHOD

The p* function is defined as [14,151

_n/4p*(x) = +s(X)e

where
A e-j i n/4 co

P (x) f VT) e-jxT d¶

and V(T) and w (T) are Fock type Airy functions. The p* function is
computed as foilows:

1) for x < -3
3

2) for -3 < x < 2

(x-xi)p*(x) p*(xi) + (xi+-1 i) (p*(xi+)-p*(xi)),

where the p*(xi) are tabulated values(14,15] and xi+l-xi=0.1 with
xi. x < xi+I.

3) For x > 2

j w/6 5 iXqne
p*(x) e2______2 J-rx 2w n-1 [Ail(-qn)]2

where A!(T) is the derivative of the Miller type Airy function.
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SYMBOL DICTIONARY

AMC -0.5*CEXP(J*PI/6)/SORT(PI)
AU DEHIVATIVE GF MILLER TYPE AIRY FUNCTION AT 0
C 0.5/SQRT(PI)
E XC CEXPC-5*PI/6)

I SMALLEST INIEGER CLOSEST TO 10*X
U ZEROES OF MILLEk TYPE AIRY FUNCTION
tPFUN P FUNCTION
PJ !MACINARY PART OF TABULATED P FUNCTION
PH REAL PART OF TABULATED P FUNCTION
X AROUMENT OF P FUNCTI ON
Al REAL NU98ER REPRESENTATION OF I

CODE LISTING

2 COMPLEX FUNCTION PFU]N(X)
DIMENSICNM PR(5I).PJ(51)

t L2! COMPUTES THE P FUNCTION OF THE CYLINDERAS
L!!U! DIFFRACTION CCEFFICIENT (SOFT CASE)

b COMPLEX AMC.EXC
IJIMENSICM 0(5),AO(5)

10 COMMON/PIS/PITPI,DPk,RPD
.11 DATA AM'-C,EXC/(-).244311.-0.141035),(-0.86602S.--0.5)/
12 DATA C/0.2820V/

I. DATA 0/2.---3811,4.08795,5.52056,6.78671.7.94413/
14 DATA AO/e.70121,-0.80311,,.86520.-O.9lV85,0.94734/
I t DATA PR/-.0454,.I25,.276,.3S,9.,0" ý.561,.605..629,.63R..636

11 2,.33,.579..367,.357,.347,..338..330,.322,.314,.307,.299
lo 2,.2Y2,.284,.276,.268..259,.291,.242..23i4,.224..215,.2(46

2V DATIA PJI/.879',.840..769,.678,.5)t7..469,.354..265,i173..091

21 ,..27,-.043-.113.-.13,-.174.-.2442,-.224,-.240.-.251

23 2,-.2427,-.260,-.l77).-.2564-.252,-.I3R,-.I236-.225.-.I6'l

20 Itk(X.LE.-3.32(O TO I
I IF(X.GE.2.)rO TO 2

28i
AXI-1-LOAT(I)21

.1PFUti=C APLX (PR( I),-PJ Cl ) N I0.*X-XI )*C'APL1((PR( I, U-PR C U,
2-PJCI+I)+PJ(I))

..~P1+~X./l~)*C)MPLX(I1. .2./CX*Y*X)))

DO .i N- 1 .
so Pf U14uP F 6N+CF 11X *0IN)EXC) AO( N /AON)
4k 1 FUN -)F LN* A1MC.C/ X

41 hETlIall
L-III

290



PLAINT

I PURPOSE

To determine if a ray traveling from a given source location in
I a given direction will intersect a given plate (or set of plates).

Note: several modes of operation are available:

I If MH=-MP then only plate MP is checked (WR>O)
IF MH=O all plates are checked
If MH=MP all plates except plate MP are. checked.
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I~i_
I

PERTINENT GEOMETRY

SOURCE
LOCATION j

8/

,,-

WPLATE MP

IMAGE
LOCATION -,

0e

Reflection occurs (ray fron image source hits plate MP)
SOURCE

LOCATION

I 0

PLATE

IMAGE
LOCATION

Reflection does not occur (ray from image source does not hit plate NP) j
F 3gure 23--Geometry for 1etermiqing if reflection from a given plate

occurs, I

Z92

I • U



K. I

I
SOURCE I NTERSECT ION

LOCATION -.. PO

IiI
s 0

D

RAY HITS PLATE LHI= .TRUE.

SOURCELOCATION .-

IXIS

RAY DOES NOT HIT PLATE, LHIT: .FALSE.

Figure 84 -- Geometry for determining if a ray does or does not
hit plate.
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m+I 
.

INTERSECTION /POINT XTlf""•\! •

mm

mI

2
k~4.

(0) RAY HITS PLATE

m+I

I 8 m

- If

U3

MI

be

INTEAS-'ITON 4

POIfir if

(b) gAY DOES MOT HIT PLATE

figure Sz)--GeCotry for declding whether ray Wlich hits
plate plane hits finite plate.
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METHOD

This subroutine is used for a numoer of functions:

1. To determine if a source ray reflection from plate NP ocC rs.
If a ray traveling from the source image location in t4 a-
flected ray direction passes thorugh plate MP, the rc- -ction
will occur (see Figure 83). T'he routine only checks ;,late
MP (set MH=-W'). Note that the hit point (which '-: returned
through the subroutine window) is the reflection :•oint, and
is used in shadowing tests.

2. To test to see if a ray is shadowed between scatter points
(or between the source and a scatter point). The routine
checks all plates (set MH=O) and records the distance from
the first scatter (or source) position to the nearest hit
(if the ray hits any of the plates). If the distance to the
nearest hit is shorter than the distance between scatter
points (or between the source and scatter point), the ray is
shadowed, and the GTO term being computed is set to zero.
Otherwise, the ray is not disturbed and computations are
carried out. Note that if the first scatter point is a re-
flection or diffraction point on a plate, all plates except
that plate are checked (set I=NP).

9 1 3. To determine if ray after final scatter point (or source ray)
is shadowed. If the final scatter point is a cylinder (or
if the source field is being computed) all plates are checked.
If the final scatter point is on plate MP, al! plates except
plate MP are checked. If the ray hits a plate (LHIT-TRUE)
tote ray is shadowed and the GTD term is set to zero. If
LHIT=FALSE, the ray is not shadowed and propagates un-
disturbed.

4. To determine if any one plate totally shadows plate MP from
the source (referred to as the "total shadowing algoritthm).
The routine checks all plates except plate HP (set Ia-MP)
and remembers plates which shadow the ray every time the

Sroutine is called (see section 6 of subroutine GEOW). The
total shadowing algortthn is activated when LSTS is set TRUE.

The hit algorithm first tests to see if a ray in the scatter di-
j rection will intersect the pldne which the plate lies in by comparing

the signs of the dot product of the scatter direction and the plate
normal and the dOt product of the vector from the source to a corner
of the plate and the plate normal. If z hit is possible the intersec-

Stion point on the plate plane is determined. Whether the intetrsetion
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point lies within the bounds of the plate is tested by sumning the
angles formed by the vectors from the intersection point to the various
corners of the plate as shown in Figure 85. If the sum is zero the
intersection point does not fall within the bounds of the plate. If
the sum is 2R, the intersection point does fall within the bounds and
the ray hits the plate. (See pp. 38-41, Reference 1).

I-
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1' FLOW DIAGRAM

NU PLAINT (XIS,D,OHiT,MH.LHIT)

INPUT VARIABLES

D x, y, ard z components of propagation
direction in reference coordinate system

I 'MH indicates which plates are to be checked
XIS x, y, z cooponents of source location in

reference coordinate ,ystem
LSTS logical variable: LSTS-TRUE if total shadowing

algorithm IS in use (see subroutine GEOM)
LSMT logical variable: LSTD(MP)-TRUE if plate NP

shadows every ray tested

OUTPUT VARIABLES
DOIT distance from source to nearest hit
LHIT logical variable; LHIT=TRUE if ray nits one

or m~ore plates
XIS x, y, z components of point where ray hits

plate in RCS
(only used as output variable when MH<O)

LSTD logical variable: LSTD(MP)=TRUE if plate MP
shadows every ray tested

"NOTE: XIS and LSTO are used both to input and output
information. LSTS and LSTO are passed through
commn blocks.

No 

No

eveyratestd

LSte(p=throughpaes

Yes

297
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No ray pass through

Calculate point where
ray intersects plate plane

is
No hit point

on plate>?

SCalculate DHT. the distance frcm source tol

hit pcint. DH'T-Shortest DHT

No is

Calculate hit position (move hit position

an increment towards side of plate whichsource lies on). "•IS=hit point

If total shadowing algorlthti is
being used, indicate that plate MP
does not totally shadow the source
(If LSTS=TRUE set LSTD(MP)=FALSE)

Another
plate to be Yqs

checked 
?

No
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I
1 SYMBOL DICTIONARY

AN DOT PRODUCT OF VECTOR FROM EDGE I OF PLATE MP TO
SOURCE AND PLATE UNIT NORMAL

* CP COMPUTATIONAL VARIABLE
U X,Y, AND Z COMPONENTS OF PROPAGATION DIRECTION

IN REFERENCE COORDINATE SYSTBE
S0D81 COMPUTATIONAL VARIABLE

DBT COMPUTATIONAL VARIABLE
OHIT DISTANCE FROM SOURCE TO NEAREST HIT
DHT DISTIANCE FROM SOURCE TO HIT POINT
ON DOT PRODUCT OF PROPAGATION DIRECTION UNIT VECTOR

AND PLATE UNIT NORIMAL
LHI'I LOGICAL VARIABLE (SET TRUE IF RAY HITS AT LEASTONE PLATE)

, LSTD SET TRUE IF PLATE MP TOTALLY SHADOWS PLATE MH
FROM THE SOURCE

LSTS SET TRUE IF TOTAL SHADOWING ROUTINE IS BEING USED
ME DO LOOP VARIABLE
MEX NUMbER OF EDGES ON PLATE MP
MH SHOhS WHICH PLAIES ARE TO BE CHECKEDt

MH-MP ONLY PLATE MP IS CHECKED
iv" '• ALL PLAIES ARE CHECKED
MHM•P ALL PLATES EXCEPT MP ARE CHECKED

MP INDEX VARIABLE (NUMBEP OF PLATE BEING CHECKED)
MPH INDEX VARIALLE
APP DO LOOP VARIABLE
N P") LOOP VARIABLE
RD COMPUTATIONAL VARIABLE
XIS XY,Z COMPONENTS OF SOURCE LOCATION IN REFERENCE

COORDIN"TE SYSTEM (ENThRING ROUTINE)
X,Y,Z COMPONENTS OF HIT POSITION (LEAVING ROUTINE)

XT X,Y,Z COMPONENTS OF POINT WHERE RAY INTERSECTS
PLAIE PLANE

I29
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CODE LISTING

2 SUBROUTINE PLAINT(XISDDHIT*MH.,LHIT)

4 C!!! DOES RAN HIT PLATE.IF MH-0 AL. PLATES ARE CHECKED.
5 C!!! IF MH=-NP THEN ONLY MP CHECKED AND SOJRCE POSITION
6 C!!I! MOVED TO HIT POSITION IF RAY HITS MP-
*iC!!! IF MH20M,THEN ALL PLATES OTHER THAN UP ARE CHECKED.

9 DIMENSION XIS(3),D(3),XT(3)
10 LOGICAL LHIT,LPLA,LCYL,LSTS.LSTD
11 LOGICAL LGRND,LDEBUO,LTEST

12 COYMON/1 EST/LDEBUG, LTEST
13 COIAM-ON/OEOPLA/X(14,6,3),V(I~A,6,3),VP(149 ,6,3).VN(14.3:,

I tj CO~M~i-ýN/P IS/P ITP1, DPR,RPD
Io COMAON/LPLCY/LPLALCYL
17 COl-.-MoN/LSfiDP/LSTS,LSTD( 14)
18 COI.1?.ON/HITPLT/MPH
19 COMMOti/GROUND/LGRNlD, MPX9

20 IHITh.FALSE.
21 DHIT=(.
Z2 IF(.NOT.LPLA) RETURN 121 L!!! STEP THRUJ PLATES
24 DO ail, M~P'Pl,MPXR

2o IF(MP.EC..'AH) GO TO 50
27 IF(0fH.L.1.0) MP=IADiS(hIH)
28 C!!! IF TOTAL SHADOW'ING ALGORITHM IS BEING USED, HAS PLATE UP
29 C! !I SHADOVIED EVERY RAY TESTED?

30 IF(LSTS.AND..NOT.LSTD(XiP)) GO TO 60
. 2 ANE=0.PMP

3.3 DO 5 N=1,3
34 5 ANwAti+(XI S(N)-X(MP, I N))*VNClP,N)
3,5 DNuD(I )*VN(.MP, l)+D(2)*Vi(.IAP,2),D(3)*V,!(MP,3)
3o C!!! DOES RAN PASS THRU PLATE PLANE?
37 IF(AIN*ON.GE.O.) GO TO 5$
38 DO 10 N=1,3

V9 C!!! CALCULATE POINT WHE~RE RAY IliTERSECTS PLATE PLANE

41 IF(M'-P.EO.'APXR.AND.LGRND)OO TO 11
42 PBTw1.
43 Lilt IS HIT POINT ON PLATE?
44 DO 30 ME=I ,MEX
45 .M9Em'E+ I
4o IF(kME.GT.MEX) 9.MEul
47 =O

4b DO 20 tI= 1,3
49, 20) RD*HOD+O(1.P,ME,N)-XT(N ))*(X(MP,MAMEN)-XT(N1))
50 CPmVNMPI *((P.E2-T2))XPM2)T(f*(XCM'.P,IAE,3)-XT(3))
S)I 2-(X~l.P,ME, 3)-XT(3))*(X(?4P, 4'ME,2)-XT(2)))
52 CP*CP+VN(M*P,2)*((X(MPME,3)-X(T(3))*(X(MIPMNE,l)-XT(I))
b3 2-(X(iAPI;E. l)-XTC I ))* (XC'P, M)AE, 3) -XT(:,) ))
54 CP=CP+VI.(I.P,,3)*( (X(L¶PJME, I )-XT( I ))*( X( MP,Mk4E,2 )-XTC2)
5b i-(X(M4P,ME,2)-XT(2))*(X(gP,kMAE,t)-XT(l)))
So DBIuT3TAN2 (CPWD))

t) (PT=0EIT+DEII
53.() CONTI!IUE

ý IH(APSCOP1T).L.T.PI) GO TO 50i
0ý; Cl ! CAI.CULAIE ýIUSTAICE TO HIT (nHITmSHORTEST DH4T)

DO *~ ~,

04 UHTz SOWI C~)H[ )+ I . F-5
Ik-LllIT.pAND. (mlT.GT.1)HIT)) ('O TO 60~
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LHIT=.TRUE.
c7 DHIT-HI08 PH,,/,P

IF(MH.GE.(I) GO TO 60
"o( DO 45 N-I,3
71 C!!! MOVE f{Il POSITION AN INCREMENT TOWARDS SIDE OF PLATE
72 C.' ! WHICH SOURCE LIES ON
73 45 XIS(N)=XT(N)-SIGN(I.E-5,AN)*VN(MP,N)
74 0! TO O T15 50 CONTINUE

S7o IF(AlH.LT.*O) GO TO 61
77 C, ,! IF TOTAL SHADOWING ROUTINE IS BEING 11SED, INDICATE
78 C•! THAT PLATE UP DOES NOT SHADOW SOURCE
7S IF(LSTS) LSTD(UP)-.FALSE.
80 oa; CONTINUE
bi Of IF (.NOT.LTEST) GO TO 62b2 WRITE (6,63)83 03 FORMAT (/,' TESTING PLAINT SUBROUTINE')

84 WRITE (6,*) XIS
8b WRITE (o,*) D
86 WRITE (6,*) DHIT,UH,LHIT
87 o2 RETURN
t8B END

I
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POLYRT

PURPOSE

To solve an Mth order polynomial equation.

METHOD

This subroutine solves for the roots of an Mth order polynomial,

CMZM+CMZMl1 + ."' Clzl + Co = 0.

The roots of the polynomial are found using the Newton-Raphson method
of iterated synthetic division [16]. The coefficients are stored
such that CM = CC(M+I), Co = CC(l), etc.

I'
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F.,.QWDIARAMPOLYRT(14,CC,R)
FLOW ~ ~ M DIAGRA ofU R the polynomiial equation

i ~CC array of comiplex coefficients of the Doly-
nomial euto

OUTPUT VARIABLES

R array of complex roots of the~ polynolmial
aquation

1 IFLAG'tO

iFind and divide out any zero root~s

II

linear or quadradic

an earczh yife or root #M~

(divde root ou tof eqaiont

oor rotooetILA-

wit-,,h yieldead > crecutiroo.NoILa?

Wrt waringfr rn



SYMBOL DICTIONARY

C IoRKING ARRAY OF POLYNOMIAL COEFFICIENTS
CC A COMPLEX AhRAY CONTAINING THE POLYNOMIAL COEFFICIENTS
CMAX) MAGNITUDE OF LARGEST COEFFICIENT
CNEi ARRAY CONTAINING COEFFICIENTS OF POLYNOMIAL LEFT

Az-TER THE PkOSPECTIVE ROOT HAS BEEN FACTORED OUT
CNNW ARkRAY CONTAINING COEFFICIENTS OF POLYNOMIAL LEFT AFTER

THE PROSPECTIVE ROOT HAS BEEN FACTORED OUT tWICE
EPS SAALL NUMBER (RELATIVE TO LARGEST COEFFICIENT)
IC(iNJ INDEX FOR TRYING THE CONJUGATE OF "HE PREVIOUS ROOT

AS A GUESS
ICCUN'i INDEX ON THE NUMBER OF TIMES THE ITERATION PROCEDURE

SEARCHES FOR A RCOT
IFLAG FL.'G USED TO INDICATE IF ALL POSSIBLE STARTING VALUES

HAVE BEEN ThIED
I Si A.' INDEX FOR SlARTING VALUES
LI~li" MAXIMUM NUMbER OF ITERATIONS USED TO SEARCH FOR THE ROOT
M4 ORDER OF POLYNOMIAL BEING WORKED ON
,I COMPUTATIONAL VARIABLE

mm ORDER OF THE EQUATION
,MMPI MM PLUS ONE
111.4 ORDER OF ONCE FACTORED POLYNOMIAL BEING WORKED ON
0 MAG14ITUDE OF POLYNOMIAL COEFFICIENTS
R A CLMPLEX AhRAY CONTAINING THE ROOTS OF THE EQUATION
RJ REMAINDER LEFT AFTER PROSPECTIVE ROOT HAS BEEN

FAC'"ORED OUY
RJP REMAINDER LEFT ,ýFTER PROSPECTIVE ROOT HAS BEEN FACTORED

OUT TWICE
RT PROSOECTIVE RCOT BEING ITERATED
SR SUUPRE ROOT CF (C(2)*C(2)-4*C(I)*C(3))
STAkT AkRAY CONTAIFING INITIAL GUESS OF ROOT LOCATIONS
TEST BOUND USED TO DETERRINE IF THE PROSPECTIVE ROOT

HAS CONVERGED
X1 IMAGINARY PART OF CC
Xk REAL PART OF CC
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CODE LISTING

2 SUBHWUTINE PCLYRT(1XM,CC,R)

(4 C!1 *jHIS ROUIUNE SOLVES A. CO.MPLEX POLYNOrIA, EQUATION.

0 Li! i CC 1S A COMPLEX ARRAY CONTAIJINO THE COFFi'ICIENTS.
C!!! CC(l) IS THE CONSfANT TERM ~CC(2) 1ThE COhFiFICIRIT OF Z,11 ~ ~ (. ! C! -- -)C(MI T14k COEFFICiENT OF Z**MM.
U !I! it IS A CC,..IPLEX ARRAY IN WHICH4 THE ROOTS t'JLL BE RETURQ'EI.
L~ !!! IN THE DATA STATEMENT LIM~IT IS THE NJMbER OF CYCLES

11 i% kHICH V-ILL BE ALLOWED BEFORE THE SEARCH~ FOR A
12 C!!! PARTICULAR ROOT IS TER~MINATED, TEST IS Tý-,' MAXI'1UAI
1I 3 C!!! INEQUALITY OF THE EQUATION ALLOWED nEFORE A RiOOT IS
14 Lill ACCEPIED.

* k~ u!i
to COMPLEX C(21),CC(2I),CNEW(21) R(2PJ),SRRT,Y,DY.RTP

11I COMPLEX START(4),CMNNNC2I).RJ.hJP

18 DATASTR/ .l.. .. )-1.-.)*-../A l DATA TEST, LIPIT/l.F.-05, I 0f/
20U!! COPY THE INPU'T PARAMIETERS CC AND AIM INTO C AND M.

21 1 FLA 0=0
22 LIPIUMP+1

23 C-'AAX=mBAES(CC(I )
24 DO 9~IlUP

zeIFDABS(CCCI)) .GT*QMAX) CiAXwBAIaS(CC(I ))
2; , CONTINUE
2;1 EPS=I.E-5*CMAX

'4 Le ICONJ=0
31 1 !1 FIND) AND DIVIDE OUT ANY ZERO ROOTS.
C2 0 .OzBABS(C(M+I,))

j 33 IFCO.LT.EPS) GO TO 7
4 O-BABS(C(I))
b 1-(OJ.GT.EPS) GO TO

5w O 6 !-1,M

C!! i(M.NEd0) GO TO?2

421 00 3 NuI,M
CC ( l. )EC 01 ,U)/CAII

4t IjIF EQUAIION IS IST OR 2ND ORDFR SOLVE DIRECTLY AND RETURN.

4)' 1. k(l).-cCI)
4 4ji RETU.4N

4'v CUt! STA'QT SEAR3Ci FOR A ROOT.
'v. U 100 A ISTACCI-I.4

b 1 24 wTmSTARI (I STAT)
t)!UI.O~)R.OJtC(*)

ICUN tth I

I't

CmVAUS I 14).'IC )

~aw.
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o7 112 CNNWJ(1AIi)-CNEVICMI.2),RT*CNNW(MI.2)
08 kJPxCN~hil 1).RT*Cl4UI( 1)

09 T=HT-RJ/RJP
GO TO 14

'12 Il(ICONJ.NF..1) 0O TO 140
I' ICullJwd

14 GO T'O 2 4
15 140 CONTINUE

'0 I)-(IFLAG.EO*I) GO TO 15
*'^ -LA(;=

78 D0 9090 JJ=I,MLIPI
XkukEAL(CC(JJI)

8L XImAIlMAG(CC(JJ))
81 IF(Al3S(XR).LT.EPS) XRuw7.
82 IF(AbSCXI).LT.EPS) XI-0.

b' C(JJ)=CgPLX(XR.Xl)
84 1ýi, A CONTfINUE
bb Go) TOJ 3535
b0 15 #wVIE(76, 16) 10,0
b7 lo FORMAT(IH0,4f'I4 CYCLE LIMIT EXCEEDED WHILE FINDING ROOT,I3.

f-) 216H FINAL INEOUALITY JF10.4) a
bso 12 CONTINUE

DO Is ISlm
18 C(I2XCIIEVI(fl

MuM, a 1a
ICONJ*ICOVJlJ
IlFCICONJ.GT,I) ICONJuOi

ýc L!!! IF MJORE THAN TK.O kOOTS LEFT RECYCLE 1T4E SEARCH.
#.',I(A.GT.2) GO TO 4

',b LI!! FIND THL LAST TVhO ROOTS BY THE 01IAPRAT!C FORMULA,
tl% . Si-C 0iiC 2- (2 -.1(I* ( )

END
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PRIOUT

PURPOSE

To output field data in standard fr mat: 4 integer indicators
and then magnitude and phase of E-theta -id E-phi components.

METHOD

This subroutine is activated by setting LOUT=.TRUE. When the in-
dividual field components are being printed out, that is when L1O000
and when L#K and Jtl, only the fields with IETI>O or IEPI>O are printed
out. A list of the different indicator numbers and what field they
correspond to is given in Table 7.

I3
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Table L
Individual field types printed when LOIJT=.TRUE.

L K J I Field Type

100 0 0 0 Direct field when plates are present
200 MP 0 0 Field reflected frcaw plate NP
300 MP PUP 0 Field reflected from plate PU then

reflected from plate HPP600 MP HE 0 Field diffracted from edge HE of
s'l ate HPj

650 MP HE 0 Ftald diffracted frost the corners
of edge RE of plate HP700 IQ WU N Ffr-d reflected from plate PW then
diffracted from edge RE of plate HP

750 PR HP E Field re'ilected fr-c. plate MR then
di'fracced by 'he corners of edge
ME Of plate NP

am0 NP HE VField diffracted fromt edge M1j of
Pplate HP then reflected from plateI

M5 MP HE mP Field diffracted fror the corners
of edge HK of plate MP then ref lected
from plate 4P

10 0 0 0 Direct field when only cylinders
170 0 0 0 Geoietrical optics field reflected

by cylinder (for Comparison only)

13a 0 0 0 Field scaIttered by the curved sur-face of the -yliineri

the cylinder
500 'C 0 0 Field diffracted by thotft CR4 VP1

Z40 NP 0 0 Ge"Wricul Cotics Ie rtflccte-j
freo* plate W_ t~rt ?tfICCe4, frow
tile cuved0 wrfece of tht~cyiiC4tr.
!For cOVarisorn CalA

ZSAI P 0 0 e!-1 retf l*CteA, freft Dlate WNP led
them scat tr-we by tht Cr~jnq4 t"Pr-
face of t"e cylitn4r

f rom the C*-vt? wrtc Cic f me c
tisnacr V- .2 thfl ret lvfttd from rat

zz IHP. (For CW4fiton; &.1ty)

1surfaegtf 1"e cvlieP Qjý re.
1lms±ce from Prtatt H

~t H fgItrfil hu04ce4 from t." t'neC
Su* aze of, the cy I'etr me'dIf~ Gi-

fr Vt Y 41I of vltt V~
9$04 HP 0tl F 0eh itf ted trot t00o It of

lo 4IaImgk1.!n featal #4ici for a vit n 64g IIAIQEl
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FLOWd DIAGRAM

PRIOLJT (L*K,J,I.ETEP)

J Integer Indicatioft. Set 1`04,7

E? Itn~ta comonent of E field
EP pýit C=onet Of E field

Print L.K.J,I &nd

CODE LISTING

i U-!1! PkItT OUT OATA IN STPUDAMfl FCQt-4;T.

a L! it t~--THETA&Ii-'41 COMMIR~ITS.

I Ut -1. R1 I I e &ýNll tiTo 2 ELtT

L E. . UV C. O TO 31

17 4oiI J1Ta9P.~~ UP9
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QFUN

PURPOSE

To -ompute the q* function for the cylinder's acoustically hard
diffraction coefficient.

METHOD

The q* function is defined as[14,151

q*(x)-- 1I + Ph(x)e 7/4
h.i~

where••, • e~-j -,/4 eX

Ph(x) - d¶
Fir

and

V(T) and w2 (T) are Fock type Airy functions,

and

S-T

The q* funct:on is computed as follows:

1) for x <--3 3

q*(x) - I - j 2 e_ 12eJ
2.Frx 2 'x x'3

2) for -3 < x < 2

(x-xi)
q*(x) q*(xi) + (q*(xi+l)-q*(xi))

1 ((Xi+i-Xi)

where the q*(xi) are tabulated values[14,151 and xi+l-xi=O.l with
x. < x < x

1 Xi+i*

3) for x > 2 57

e n/6 5 Xqne
q*(x) - 1 e

-2 2/-x n=1 •n[Ai(--n))

where Ai(c) is the Miller type Airy function.
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SYM4BOL DICTIONARY

AC .-0.5*CEXP(J*PI/6)/SORTCPI)
Au MILL-Ek TYPE AIRY FUNCTION AT 0
c 0. b/SOUT(P I

-w xc CEXP(-5*PI/6)
I SMALLEST INIEGERi CLOSEST TO 10*X
U ZERCES OF DERIVATIVE OF MILLER TYPE AIRY FUNCTION
Of-Ut. 0 FUNJCTI ON

* - U IMAGINARY PAR~T OF TABULATED 0) FUNCTION
uh HEAL PART OF TABULATED 0 FUNCTION
A AuGUMA14T OF 0 FUNCTION
X1 REAL NUMBsER REPRESENTATION OF I

CODE LISTING

* 2 COMPLbX FUNClION OFUtC(X)

4 C!!! COMPUTE& T14E () FUNCTION" OF: THE CYLINEPER'S
t) c L tIfikAClIUN COLI-FICIENT (HARD CASE)

a COMPLEX AIIC, EXC

cuIA;clk/P iSPil, TPI, DPR,RPf)
U DATA AAC',EXC/(-0.2A443H.-4). 14105).(-(A.866025,-05.5)/

12 DATA C/V.282o9/
13 DATA 0/1-01879,3.24820,4.820310,6.16331,7.37218/
1,4 DATA AQ)/$.53566,-0.419½?1,;.2R$4I,-O.31579i,0.3423C)/
1!. PATA O;R/-.229,-..4.11,-.559.-.673,-.75A,-.807,-.834,-.841

17 )-.517,-. 486,-. 458,-.432,-. 409,-..3PS,-.369,-.352,-. 335,
lb 2-.32C,- .2v,4o, -.293,-.279,-. 2o6,-.253,-.239,-.226,-.Ži2,

2L2-.1953,--. 584,-.l7(6,-. 15,34-0. I-. 126,-. I126,-l9,-aR4t1,

22 i)ATA 01-88-71-66-52..4..1..9,.9

24 '..30,.356,.--42,.327..30~9,.2R9,.268;.246..223,.20(4..177
2 t
2o

2'p IF(X.LE.-3.)COO TO I
lI F(X. GE.2. )00 TO 2

32 X*I =FLOAT ( I)-

OF UN = (0P. , 0.

4 F Utl N(FN+CFXP(() (N*X* EXC) /AO( N) /AD(N) /0(N)
1, 1-UN U-LJ-1)N* ANC+C/ X

44 IdiTUUN
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RADCV

PURPOSE

To compute the longitudinal and transverse radii of curvature
of the elliptic cylinder at a given point.

METHOD

The longitudinal radius of curvature of the elliptic cylinder
(in the plane of incidence) at the point defined by elliptical angle
VR is given by

(A2 sin2 VR+B 2cos 2 VR) 3 /2
Pg AB sin2as

The transverse radius of curvature at the point defined by ell. angle
VR is given by

2 2 2 2 3/2
= (A sin VR+B cos VR)

AB sin2 (c -T/2)
5

where
as AS

p = RG
Pt = RT.

312

.1



..... ,7 .

FLOW DIAGRAM

RADCV(RGRT,VR)
INPUT VARIABLES

VR elliptical angle defining point for which
radii are computed

OUTPUT VARIABLES

RG longitudinal radius of curvature of the
cylinder in wavelengths

RT transverse radius of curvature of cylinder
in wavelengths

'Computeradii

Return

SYMBOL DICTIONARY

RL; RADIUS OF CLkVAI*URE IN THE PLANE OF INCIDEFCE
Rtu kADIUS OF CLkVAILRE OF THE ELLIPTIC CYLINDER IN THE

PRINCIPAL (X-Y) PLANEI' kADIUS OF CLI•VAIURE TRANSVERSE TO THE PLAIE CF
INCI DEICE

'vS ELLIPTIC ANC-LE DEFINING TIlE DESIRED POINT ON CYLINDER

CODE LISTING

I CL --.--- --- ------------------ ---------- -------
2 SUBROUTINE RADCV(RG,RTVR)
3 LIt!!
4 4, I! COMPUIES RADII OF CURVATURE OF ELLIPTIC CYLINDER
5b L•1
0 COIMMON/UEOgEL/A,B,ZC(2),SNC(2),CNC(2),CTC(2)

"CUJAMON/GTD/AS, ID,SASSASPCAS
U LUN=SQRT(A*A*SII(V V)*SIN( VR )+B*B*COS( VR)*COS(VR)

RT=UDN*DN*LDN/A/B
R(,•HO1/bAR/SAS

.11 II-(SASP.LT.I.E-5)GO TO I
12 RT=Rk•/SASP/SASP
153 ETURN
14 kT I. E2w
lb RETURN
eio END
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RCLDPL

PURPOSE

To compute the far-zone electric field for a source ray which
is reflected by the elliptic cylinder and then diffracted by a given
edge on a given plate.

PERTINENT GEOMETRY

z

SOURCE
LOCATION

XS

,VIC .
REFLECTI..ON
POINT X R

V I1

SDIFFRACTION POINT XD

A
D

Figure 86--Ray reflected by cylinder and then diffracted

by plate edge.

METHOD

The field reflected by the elliptic cylinder and then diffracted
by a plate edge is calculated in this subroutine. The field reflected
by the cylinder is found using geometrical optics[41. This causes
an astigmatic tube of rays to be incioent on the plate edge. The
unifurm Geometrical Theory of Dlffraction[41 is then used to find
the diffracted field from the edge. The resultant field in the farzone has the form (pp. 154-155, Reference 1) 1

314
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I

ri( J rrA.Fr,d = i P1 2l1 e-Jks, e-

where (QR) is the incident field at the reflection point QR, T is
the diadic reflection coefficient, U is the dyadic edge diffraction
-coefficient, pr and P• are the reflected ray caustic distances, p1
is the incident caustic distance on the edge, s' is the distance prom
the reflection point to the diffraction point, and s is the distance
from the diffraction point in the far zone. The geometry is shown
in Figure 85 and further illustrations can be found in the write ups
for subroutines REFCYL and DIFPLT. The phase of the field is referred
to the reference coordinate system origin so that

= eJkkYd e"JkRe-js eejkR

s R

The reflected-diffracted field then has the form

= Wm(EDTHO+EDPH*) ejkR

e-jkR
where the factor and the source weight (Wm) are added elsewhere
in the code.
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FLOW DIAGRAM

RCLOPL (EOTH,EOPH.FN,NE,MP)
INPUT VARIABLES

MP plate where diffraction occurs
ME edge on plate NP where diffraction occurs
FN wedge angle nwuer

OUTPUT VARIABLES
EDTH theta component of reflected-diffracted

field in RCS
EOPH phi component of reflected-diffracted

field in RCS I

Is
diffraction possible? No 1

Set LROC(MP,ME),.FALSE..

telling routine not
to use previouslydefined starting

point next time
Compute ray path RFOFPT is called

Is cylinder

rfeto pon ofo Yes

I t.NoI

veCtors for incident anididiffracted ray on plate

31
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I

vectors for incident W
reflected field at Cylinder

Calculate components of field
7 incident on the cylinder

Compute components of
cylinder reflected field

Compute components of f~eld incident
on plate edge perpendicular arnd parallel

to the edge

Compute reflected diffracted ray caustic

(pp 15-15 Reeene1

C^ pute diffraction coeffient

Compute diffracted fLeldI

Compute theta and ph t cownents
of reflected-diffratel flder

i n ACS

3r7fl

I Cm~ue cmpoens o f~ld ncie 7

on lat ede •r ed c*-rand ~r le



SYMBOL DICTIONARY

bO DIFFRACTED FIELD POLARIZATION UNIT VECTOR PARALLEL
TO EDGE

dOP INCIDENT FIELD POLARIZATION UNIT VECTOR PARALLEL
TO EDGE

DI.D NUR;AALIZAfION CONSTANT FOR CYLINDER TANGEIT VECTOR
UH EUGE DIFFRACTION COEFFICIENT FOR HARD FIELD COM•PS.
UHIT DISTANCE FRGO SOURCE TO HIT POINT (FROM PLAINT)
L)IfP TEST PARAM'ETER USED TO DETERMINE IF REFL IS LEGAL
Ub DIFFRACTION COEFFICIENT FOR SOFT FIELD CO',(PONENTS
Dv DOT PRODUCT OF EDGE UNIT VECTOR AND DIFFRACTED

RAY PROPAGATION DIRECTIOK
EUPH PHI COMPONENT OF DIFFRACTED FIELD I!' RCS
,EUPL DIFFRACTED FIELD COMPONENT PARALLEL 10 Ery;E
LUPW DIFFRACTED FIELD COMPONENT PERHENJDICULAR TO EDGE
EEU'iH 1IEIA COMPOI|ENT OF DIFFRACTED FIELD IN RCS
EIPL COMPONENT OF FIELD INCIDENT ON CYLINIDg (OR PLATE)

PARALLEL TO PLANE OF INCIDENCE (OR EDGE)
EIPW COMPONENT OF FIELD INCIDENT ON CYLINDER (OR PLAFE)

PERPENDICULAR TO PLANE OF INCIDENCE (OR E.IGE)EIX I
EIN SOURCE PATTERN FACTORS FOR X,YZ COPPCNEITS OF
EIZ INCIDENT E-FIELD

ER0 X,Y,Z CO9PONENTS OF CYLINDER REFLECTED FIELD
Eiuz IN kCSEXPH CO.IPLEX PHASE AND SPREADING FACTOR

LDRC SET TRUE IF REFL DATA IS AVAILABLE FROM PREVIOUS PATTER'I
ANGLE (OR FOR NEXT PATTERN ANGLE (V.HFIN LEAVING ROUTINE))

LHII SET TRUE IF RAY HITS PLATE (FRO4 PLAIWT)
m.E EDGE ON PLAIE VP WHERE DIFFRACTIONf OCICRS
:4P PLATE WHERE DIFFRACTION OCCURS
PH DIFFRACTED FIELD POLARIZATION UNIT VECTOR tIORUAL

TO EDGE
PHICk PHI CU9PONEfI1 OF FIELD INCIDENT ON CYLINDER IN RCS
PH(; INCIDENT FIELD POLARIZATION UNIT VFCTOR NORMAL TO

EDGE
SPJUUR INCIDENT RAY PHI ANGLE It,, DIFFRACTION POI.:T COORP) SYS
PSk DIFFRACtTED AY PHI ANGLE IN DIFFRACTIO' POINT COOED SYý
8HII CAUSTIC DISTANCE OF CYLINDER REFLECTED FIELD I?'CIDEIIT

ON EDGE IN IFE DIRECTION PERPENDICULAR TO TWE ED1E
WNHI2 CAUWTIC DISIANCE OF CYLINDER REFLECTED FIELD I4CIDENT

ONl EDGE IR THE DIRECTION PARALLEL TO THE '{WiE
willE El: O CAUSTIC DISTANCE
"Hul AY SPREAIDItG WAI)IUS AT CYLINDER INI PLANE tIORUAL

TU PLANE Or INCIAE'NCE
-'. Ht2 kAY SPkEAUIKIO kAIDIUS AT CYL IN PLAFE

OF IN"CIDENCE
SmAuG L!ýNOH OF RAY FRC. REiFL POINT CH CVYL TO SOURCE
s-) VISIANCE tIEfE'N REFLECTION Wll 0)IFFPACTION DOINT
0I110t Thii•A C,'POMEN't OF IWIDENT PAY MRIRECTION ONCYLINIDER I! R(CS
IPI VISAI4.1C PAA'ETERk FO EDGE I)IFFRACTF) FIELD
U I I 1I1A
UIPPY XYZ Cu!-pO*,ENTi CF If'ClIeNT POLARIZATIOR INIT VECTOk
UIIV:) PARALLEL VO PLAVE (W iNCIDFIl-Y1•U II~h)X

.UI i,.Y A.Y,Z COor;lE:flS OF tNC/S4';L fOLARIZATIOP 'WIT VECT'•I
" UIPe )IE=PIC:,1,LW WI PLA*. OF IfCIIW)KtlC-

uttl 'Y A.Y,. CV-"VONFl`!TS O8~l-~ T~ NfILARIZATIrw UNIT VEC10W
SUhi', P 4PAU1LLLL i0 111L VLAIE OF IN•IVI-t'Ci
v1 lay at'i:*16, !)F RAY PPAt1TInI)II4.CI C

Vic XY,.: Utfl;F:iT O4z RAY PUWAOATIOv DIi*CIO:1 CF*UAY
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VH kLL ANGLE~ DEeININ(; RI4-LECTION PrCIIT Cv, CYL. (2-D))
xu X.Y,Z COMAPONENTS OF 01,FRACTIOfl POWIT IN NiCS
AUP MOUIFIEIJ DIFFRAC110ON POVrT LOCATIG?' FORH Sf'APOWING TEST-1 I Ad X,Y.Z COMPOIENTS 01; Rt ,LrCTIOll POINT ON CYL
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CODE LISTING

WbSUWUT!N UR CLDPL( EDTh, ErPH.?,?FJ lE. M'P)
3CM!
L111! COMPUYES THE FIELD REF~LECTED FR(ixt THE ELLIPTIC CYLtIqrER

b C11! THEN bti-FiRACTEVI FhO?4 ENXE #ME OF PLAIL- #M!P
6 C111

COMAPLEX Er ,EOEIPR,EIPL,Exnm SHDPS DPH ErPR,EFnPL,ErDTH*EDPiCOMPLEX EWFR.ERPPEIX,EIY.EIZE'1 RYER
OIMErNSIGN UN(2).Ui3C2),VIC(3).XR(.3)

.I LOGICAL IHrI,L~RDC,LDE8lJGLTEST
12 COPMON/G-OPL.A/X(14.6.3).Vcl-4.o,3).VP(14,6,3).VmI14,3)

1ý CoIiMOt41Dii/'lc(3),THSfl.PeSR.SPS.CPnS,.STHS.CTHS
le~ COiAMIC'EOV!EL/A,I.ZC(2).S.IIC(2).C.ýC(2).CTC(Ž)

1 COMMOUN/ErIDWCL/VcD( l4.k6),?jCD( I4.o).LSCDC 14,6.2)
lb CU1P901fTHPfUv/UYc3),JPc2)

I 'w CUMM!J/PIS/P1, TP I .DPR. RW)
2uCOMA.ON/i FST/U)EBUG .LTES1'

21I CO4:)A~fl/CLRE)C/LiiDC( 14.5~)
22 IFCFI.GT.2. C-0 TO 491

24 CO lit N=I,3

20 (, 11 IS ru-n ACTIU POSSIPLE? O3
2b L!1! 1'U4PUFTE W~' PATH
2 ý CALL. kFv)FPTcv4.i(,XOTPa,vDDSo,VIC,XO.SP,VI.!)vIE.-P

I C.!1! IS mEFULCTIO't LE(-rAL?
a2 IF(DOTP..LE.V1.) 60 10 401

.L C!!! IS WE*LECT1COi POIN~T vFF OF FINITE CYtVI'DER7

..o cLP-cUS**A*0.(ibp I
$&pw S I N(l F 1*11.5*P I)

'1L*'! 4! V~ritAh:TkC kAY S:"A:o-,F BY A PLATE Olý
444 %-L A cyl-MUFR?

43 CAaJ ~~P!.~Z.Pt~T
44 WWT~i ia3 '0 40

ý' LU! !IIS aiAY kE~rE~ gEu-LETION flI D C1C6 !Vt
d4 CALL LZ;AV"1.PL T

NOV.

2v0

r W-fti I
-----------------------

cp 15V vT )-



too~~~ FNw-.* . I E-4

r1 FPOG.IPC4.SG~;I)W 1 4

7c£H'S (S1

10 O 3 FN-N'18. 3.-ji IFPslO.Gr.FuP.Ot,1)ýPs(OadfJP) m i*CPK
sp785f (51

I 1 C)PUCIC=OS(PS )*V()PO3;I2
72; SGP(uSZNPHOf)*V -IO *t

hl cPI(s)owP~fO I)*1( PIO2 tI
b2cu VOUP(I )POLAtIZATOU UIT ECTCS P) IrCUE"

LWP ieuP80C2*VU.3-PO(3*VCZ

IV k2 IlO(I)=U(2)SD(3)-P0f3)*VD(2)

iTI hIohu'Af2 (- Ct I V I )- IieVIO l)*V (2 ).-V 0C23).VI

CAL4. STo*SO*I*C*kiCE(IEjI.lYCC".El.h'lU~V

toO ws-DDGuoGnDIAca
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15.3 UXU2 XuUI PRX-2. *U IH2*AI ICI)
134 UX112 YwUUPIlY-2.*U!U12*Wl (2 )
135 UX142Z=111PN2
53ý6 TH1I-UIPPX*UP(l)iI1PPY*V9(2)
138 TH2I=UUPIX*U~b(01+UIPRY*Ub(2)
53%' TH22 =(IJIPRZ
I44k, DhLTnEH I I *T822-T'f 12*TfIQ
141 OilI I aI ./SMAG.2. *rCTV*Th22*7P22, CRrt*DFY*OST)
144 ON 12m-2. *eCTIIC*T1122*THI 12/ (vIGtDETtP)ET I
14j. 01221a ./ISNAG+2 .*1CT*yNI12*7fh I2/(RG*IiEf *VET)
144 GR*sGNJ2-I ./RKtOI
140 XW I X=(OhffUI1'tX1 X-GR?12*UXRZX)/Oiani
547 XW IY=(Ohlf'UXRI Y-CRI12*UXIZ2Y)/GO1I
14b Xk IZ$OhMi*UF -0RInI2 *U Xr?2Z)/CtJf

IS bI xU2Zr-(W( I*C:I Y-VI (2)*Xk IX)
lt2 CA10 =V U P. K-F, I ).t XflIZVciPiE.2 )'XR IY#VUJP,1tE.3)*X4IZ2

15. CXt2mV clPOaE I )*XwŽX*V CMP.'1E,2 )*XP.Y+,J (1P, 1TE,3)*XJlZZ
I t4 il EmhHC I'*IW)C2/( il4C2'CX4 IeCXRI.+P11HOI *CXRCR2)J

1I IIWN'U*SP
1StI U-11, taI*c I*#SP

ltJ~~~miflIH I1041*2)sa/k!!

Ic, EXP,';=' T A:.S$cC1E1:
IQ, C!!! CUPTDFtAac:coPFRICtflrs
fel (41.t.. flSJr:4'. (rPS,DMPF. TMPP, M PSPS,5BJ. .FALSE.)
cIt' CW! t f::N-& IID4ýýACTFD FlidS

tcXt

Sec. '-S ~PLC'S*X0t

j It til ~ 1U~I At) '1 C~O1I6NT 'WPFF3CT2



I I
RCLRPL

1 PURPOSE

To calculate the geometrical optics fields of a source ray which
is reflected by the elliptic cylinder and then reflected by a given
plate.

PERTINENT GEOMETRY

y

1DJ V--PLATE MP

SOURCE
LoCATION

Figure 87--illustration of ray reflected by cylinder and

then reflected by a plate.

METHO0

Subroutine RCLRPL functions as a service routine for subroutine
SCLRPL, where the actual cylinder fields are computed. The geOmet-
rical optics reflected field components ETH and EPH computed in RCLRPL
are used only for reference purposes (when LOUT is set true). The* -•field coponents calculated in RCLRPL which are used in SCLRPL are
the hard and soft components of the source field incident on the
cylinder at the reflection point. These components, along with sev-
eral other useful parameters are passed to subroutine SCLRPL through
comon block FUDGJ.

3.23
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The geometrical optics fields determined in this subroutine,
Sfr the reflection from the cylinder, are calculated in the direction
DJ. This direction is found by imaging the observation direction
into the plate, as illustrated in Figure 87. The cylinder reflected
fields are found in a similar manner to those obtained in subroutine
REFCYL. The plate refiected fields are found by satisfying the bound-
ary conditions for the fields on the surface of the plate.
The phase of the resultant double reflected field is referred to the
rfference coordinate system origin. The double reflected field thus
has the form

W (ETH9+EPH$) e"kR

m R
-jkR

where the factor and the source weight (Wi) are added elsewhere
in the code. R

I.
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FLOW DIAGRAM

1 RCLRPL (ETH,EPH.,NP)

INIPUT VARIABLES
IMP plate where reflection occurs

OUTPUT VARIABLES
* S ETH theta com~ponent of doubly reflected

geom~etrical optics field in RCS
EPH phi com~ponent of doubly reflected

-* ge.Aetrical optics field in RCS

< cylinder reflection -No

Set LRFS(MP)-FALSE
telling subroutine
RFPTCL not to

use previous data
as starting point
next time it is called

reflection point off of Yes

reflection fromi plate MP No
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L

L

IsI
ray shadowed anywhere? Yes

Compute source field
pattern factor

Cpute polarization unit vectors
for incident and reflected fields

17" at cylinder )

t I..
ray incident on cylinder

I I
Copute components of cylinder

reflected ray parallel and
perpendicular to the plane

of incidence

Compute theta and phi components
of cylinder reflected field

in RCS

Calculate polarization unit vectors
and take dot products necessary
to compute plate reflected field

Cmpte plate reflected field (match

boundary conditions at reflection point)

Compute theta and phi components of
doubly reflected field in RCS{ETH.EPH)

I
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1
I

1 I Compute theta and phi components '
of hard and soft fields incident

1' on cylinder (pass variables back

to subroutine SCLRPL through
common block)

Leave LTRFJ=.FALSE., indicating ETH-0
presence of G.O. reflected field EPH-O

LTRFJ-.TRUE.

Rettrn

1.

I
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SYMBOL DICTIONARY

Al FIELD COMPONENTS OF RAY INCIDENT ON PLATE
A2 NORMAL AND TANOEN•r TO THE PLATE
A3 DETERMIINANT OF POLARIZATION TRANSFORMATIOI N

C12 COEFFICIENTS USED To CONVERT POLARIZATION FROM
C21 THETA AND PHI COMPONENTS IN RCS TO COMPONENTS
C22 NORMAL AND TANGENT TO PLATE (AND VICE-VERSA)
D PROPAGATION DIRECTION AFTER PLATE REFL. IN (X,Y,Z)

iii RCS COMP0ONENTS

UDI DOT PRODUCT OF UNIT VECTOR OF PROPAGATION DIRECTION AND
CYLINDER TANGENT UNIT VECTOR THROUGH TAN POINT I (2-D)

DD)2 DOT PRODUCT OF UNIT VECTOR OF PROPAGATION DIRECTION AN)
CYLINDER TANGENT UNIT VECTOR THROUGH TAN POINT 2 (2-D)

0H11 DI bIANCE FROM SOURCE TO HIT POINIT (FROM PLAINT)
0H71 DISIANCE TO HIT POINT (FROM PLAItIT AND CYLINT)
01 X,Y, AND Z COMPONENTS OF INCIDENT RAY DIRECTION ON CYL IN,- RCS
DJ XY,Z COMPONENTS OF PROPAGATION DIRECTION OF RAY !

INCIDENT ON PLATE
El- PATTERN FACTOR OF THETA COMPONENT OF INCIDENT FIELD IN RCS

(ALSO THETA COMPONENT OF CYL REFLECTED FIELD IN RCS)
EG PATTERN FACTOR OF PHI COMPONE.NT OF INCIDE•T FIELD

IN RCS (ALSO PHI COMPONENT OF CYL REFL FIELD IV RCS)
EHPH PHI COMPONENT OF HARD COY'PONFNT OF FIELD INCIDENT

ON CYLINDER
E-'H THETA COM.PONENT OF THE HARD COMDONENT OF FIELD INC Oll CYL

(PARALLEL YC PLANE OF INCIDENCE) !
ELIPP INCIDENT FIELD COMPONENT PARALLEL TO PLANE

OF INCIDENCE ON CYLINDER
EIPR INCIDENT fIELD CO.PONENT PERPErDICULAR TO PLAINE OF INC OD CYL
EuPP COMPONENI OF CYLINDER REFLECTED FIELD PARALLEL

TO PLANE OF INCIDENCE
EtPR COMPONENT OF CYLINDER REFLECTED FIELD PERPENDICULAR

TO PLANE OF XNCIDENOE

ERY XYz COMPONENTS OF CYLINDER REFLECTED FIELD
ERZ IN RCS
EtiPH PHI COMPONENT OF SOFT COM'PONENT OF FIELD INCIDENT

ON CYL
EbIH THETA COMPONENT CF SOFT COAPONENT OF FIELD IN'CIDENT

EX ON CYL
EY XY,Z COMPONENTS OF SOURCE FIELD PATTERN FACTOR
EL IN R•CS
O AM PHASE CONSTANT,1
LHIT SET TRUE IF RAY HITS PLATE (FROM PLAINT)
LRFS SET TRUE IF REFL DATA IS AVAILABLE FROM PrEVIOUS PATTERN

ANGLE (OR FOR NEXT PATTERN ANGLE (W.HEN LEA'VI/IO ROUTINE))
LR'fFJ SET TRUE IF 0.O. REFLECTED-REFLECTED FIELDS

DO tNOT EXI MT
Ph COMPLEX PHASE CONSTANT
PHI w PHI COMPONENT OF INCIDENT RAY DIRECTION ON CYL IN RCS
PHJR PHI COMPONEIIT OF RAY PROPAGATION DIRECTION

BETWEEN CYLINDER AND PLATE IN RCS
RHUI RAY SPREADING RADIUS IN PLANE OF CYLINDER CURVATURE 1

AT REFLECTION POlINT
RHG2 RAY SPREADING RADINS IN PLANE VOR;NAL TO Pi.ARE OF

INCIDENCE AT REFLECTION POI NT
SIMAG LENGTH OF RAY FRUC! REFL POINT ON CYL TO SOURCE

5b Y N XYZ COM, PON;ENTS 0,); UN!IT VECTOR Of: RAY FROM. REFL.
SZN POIWT ON CYLINDER TO SOURCE LOCATION It! RCS

rHI) THETA COMPONENT 01- IMCID)FNT RAY DIRI-CTIOP' O( CYLINDE.nR
I {JR THEIA CO1APOtENT OF RAY PROPAGATION DIRECTION

I fE 'lCYLINlii)EI? A:N!) PLATE

328
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UIPPA
UIPPY XYZ COMPONENTS OF INCIDENT POLARIZATION UNIT VECTOR

I ULPPZ JPAR•ALLEL TO PLANE OF INCIDENCE
ii UIPRX

UIPRY X9Y.Z COMPONENTS OF INC/REFL POLARIZATIO! 11111T VECTOR
UIPHL) PERPENDICULAR TO PLANL OF INCIDENCE

I UtRPPXX
URFPY X.Y,Z COMPONENTS OF REFLECTED POLARIZATION UNIT VECTOR
UHPPL J PARALLEL TO PLANE OF INCIDEICE
VT XY,Z COMPON•ENTS OF POLARIZATION UNIT VECTOR TANGENT

TO PLATE AND NORMAL TO WAY INCIDENT Off PLATE
vxS MATRIX DEFINING SOURCE COORDIN1ATE SYS AXES IN RCS COMPONENTS
Xw X,Y,Z COMPONENTS OF REFLECTION POINT LOCATION Off CYL
XHS REFLECTION POINT ON PLATE (ALSO CYL REFL. POINT IAAGE

LOCATION IN PLATE) ALSO CYLINOER REFI.ECTIOP POINT

31
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CODE LISTING

2 SUBROUTINE RCLRPL(ETH,EPH,MP)
.3 CiII
4 Cill COMPUTES THE 0.0. FIELD REFLECTED FROM THE L....3PTIC CYLINDF.
5 CI!l THEN REFLECTED FROM PLATE OMP
7CI DIMENSION UN(2),UB(2)',DI(3),DJ(3),XRSC3),VT'1)

8 COMPLEX ETH,EPH,EX,EY,EL,PH,EIPR,EIPP,ERX,CI YERZ,ERPR,ERPP
9 COMPLEX EF,E0,AI ,A2, ESTH,ESPH 'EHTH EHPfI -.RAN

10 LOGICAL LHIT,LRFStLDEBU0,LTESTLTRJ
I1 COMMON/FUDOJ/rRAN,ESTHESPH,EHTH,EHPH,XR(3),RG.RRsOI,SIAOLTRFJ

12 COMMON/OEOMEL/A, RZC (2),SNC(2).CNC (2),CTC(2)
13 COMMON/SORINF/XS(3),VXS(3,3)
14 CO)MM0N/GEOPLA/XCI4,6,3),V(14,6,3),Vn(14,6,3),VN(l4?3)
15 2,MEP(14),MPX
16 COMMON/PIS/PI ,TPI ,DPR.RPD
17 COMMON/DIR/D(3) ,THSR,PHSRSPS,CPS,ST1W,,CTHS
Is COMMON/T-HPHUV/DT(3),DP(2)
19 COMMON/bNDSCL/DTS.VTS(2),BTS(4)
20 COMMON/TEST/LDEBIO, LTEST
21I COMMOtN/CLRFS/LRFS(14)
22 IF(LDEBUG) WRITE(6,900)
23 &P00 FORMAT(CP DEBUGGING RCL.RPL SUBROUTINE')
24 LTRFJ-.CALSE.
25 1IF CDTS. LT. -I1.5) GO TO 12
26 C! II COMPUTE t)IRECTION OF RAY INCIDENT ON PLATE

21 CALL REFBP(PIJJR.THJR,PHSR,ThSR.,MP)
28 SPH.JuSIN(PHJR)
29 CPHJ-COS(PIIJR)
30 STHJ-SIN(THJR)

31 CTHJ=COS(THJR)

33 DJC2)nSPHJ*STHJ
a4 DJ(3)-CTHJ
35 DXY-XS(I )*CP!FJeXS(2)*SPHJ
36 IF(DXY.GT.0.) GO TO 10
37 DCIwBTS( I)*CPHJ+BTSC2)*SPHJ

O2-BTS(3)*CPHJ+BTS(4)*SPHJ
,39 CI!! CAN CYLINDER REFLEC-IOII OCCUR?
40 IF(DDI.GT.DlS.AND..0D2.GT.DTS) 00 TO 12
42 C1I1 COMPUTE CYLINDER :EFLýICTION POINT LOCATION
43 CALL RFTLPJ.MRDOPD,,R:(I)
44 IF(LDEBUG) VIRITE-N6,*) VR,DOTP~r-. ,S,LRFS(UP)
45 IF(DOTP.LE.0.) GO TC 11
46 XR (I )nA*fZOS(VR~
47 XR(2 )wB*SIW VP)
48 XR (3 )aXS(3 )*S*CTtU/STHJ
49 C1II IS REFLECTICO? POINT Q1I CYLINuER?
so IF(XR(3).GT. 't(i )*XR(1)*CTC(I).OR.
5I 2XRý13).L.T.ZCC.ý).X!(l)*CTC(2-1 00 TO iI
52 DO 15 NuI,3
53 15 XVS(N)uXR(N)
54 C111 DOES REFLECTION FROM PLATE OCCUR?
55 CALL PLAINT(XRS,WJ,DHJT,-$PU4ilT)
56 IF(.NOT.LHIT) 00 TO 11'
57 C111 IS RAY SHADONED ANYWHERE?
s8 CALL PLAJNT(XRS,D.DHT,MP.LJ4IT)I
59 JF(LIIIT) GO TO 11
60 CALL CYLINT(XRS.D,f145R.DHT.LHI[T..TRUE.)
61 IF(LHIT) 0O TO It
62 CALL PLAINT(XR,DJ,DHT,MPLHIT)
.83 IFCLHIT.AND.iWHT.LT.DHJT)) 1;0 TO 11
64 SXN-XS' I)-Xn( j)
05 SYN*XS12)-XR(2)

S7N.-S*CTHJI*Sr J
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67 SMAG&SORT( SXN*SX 14+SYN*SYH+SZN*SZN)
68 SXI4-SXN/SIVAG
69 SYNWSYN/.SAcA
70 SZN=SZN/SMAO
71 PHIRuBTAN2(-!'IN.-SXN)
72 THIRuBTAN2 (SORI.'(SXN*SXN+SYN*S>YN) .-SN)
73 DICI)wCOS(PHIR)*SIN(THIR)

14 D!(2)=SIN(PHIR)*SIN(TiHIR)1~75 Wjl(3)-COS(THIR)
76 CALL PLAINI(XS,DI,DHIT,O.LHIT)

7) IFCLHIT.AND.(DHIT.LT.SMACL8 00 TO It

C9I CAL SE UI!UiEVDEEGEXYEZT*!IRPHIRVXS)

82 CALL NANDS(UN,US.VR)
83 CTHW-UN( l)*DJ( l)+UN(2)*DJ(2)
84 WQ-nSTAN2(SXN*UB( I)+SYN*UB(2),SZld
85 SihiSIN(WR)

a, SST2-SW*SW.CW*C2K*CTIHV:CTH4
68 RHO2mSMAG

89 RHOInSMAG*RO*CTHIV/(RQ*CThW*2 .*SMAG*S~r2)
90 IF(LDEBUG) 1VRITEC5.*) ROQHOI,RHO2,CTHI,SS..'

91 CU!I COMPUTE POLAR!.'ATIOf- UNII VECTORS FOR
92 CI I IN2;IDENT AND LFLEjTE FIE AT ":YLXNDER
93 UIPRXm5;N(VlR-I/2.)*UB8CU
94 UIPR uN( WR-PI/2.7*UB(2)
95 "IPRZwCCS01IR-PI/2.)
96 1 PPXnSYN*UI PRZ-S .t*UI PRY
97 U! PPYSZN*UIPRX-SXN*UIPRZ
98 U! PPZuSXN*UI!PRY-SYN*UTPRX

99UkPPXaUI PiY*DJ (3 )-'JIPRZ*DJ (2)
l~m URPPY*UIPRZ*DJ(! )-UIPRX*DJ(3)

101 URPPZ=UIP'X*0JC2*.UIPRY*DJ(I)
102 P~uCEXP(C.ý-PLX(0. ,-TPI*SM-AG))/SMAG
103 CI!! CUMPUTE FIELD COMJPONENTS OF RAY INCIDENT ON CYL.
104 El PRu(U! PRX*EX.UIPRY*EYUI PRZ*EZ)
105 EI.PPU('IPPX*EX.UIPPY.*EY.UI PPZ*EZ)
106 CI!! COMPUn- LOCATION OF CYLINDER REFL. POINT
107 CU!f IMAGE IN PLATE MP
208 CALL IMAGECXRSXR,ANR,MP)
109 GAM.XRSUI)*DCU,#XRS(2),Oc2,.XRS(3)*0(3)
110 PHoPH*CEXP(CCPLX(O. TPI*GAM))
1.1I SORHsSORT(PHOI*RHO2~
h2 CII! COMPUTE Cf' PONENTS OF CYLINDER REFL. FIELD
113 Ci! PARALLEL AND PERPENDICULAR TO PLANE OF INC
-114 ERPR~-SORH*PH*EI Pf
115 ERPPoSOkH*PH*ELPP
116 TRAN=SQRH*Pff
117 ERX*EIIPR*UIPRX+ERPP*URPPX
118 ERYPERlPh*UIPRY*ERPP*URPPY
119 ERZoERPN*UIPRz+ERPP*URPPZ
1226) CIII COMPUTE THETA AND PHil COV(ORENTS OF CYL!INDER
12 1 CI!! REFLECTED FIELD
1 22 EFuERX*CPHJ*CTHJ.ERY*SPHJ*CTHU-ERZe5lthJ
123 EO.-EIRX*SPHJ 4ERY*CPHJ
124 Ct II CALCULATE POLARIZATION VECTORS AND DOT PRODUCTS
125 Ci! NECESSARY TO COMPUTE PLATE R~EFLECTED FIELD

IVT(I)uVN(MP,2).O(3)-VIJ(MP,3),0(2)

128 VTCJ)@tVNCNP I1*D(2)-VtNLS4P,2IeO(!)
129 CA ImVN(MP, I i*CPHJ,*CTHJ.VII('MP.2 )*PHJCTHJ-Vl(M1P,,3)eSIhJ
130 C12a-VNCM(P, I )*SPHJ*VN( UP,? !'CPHJ
131I C? I vT( I )'CPI4JCDIJ.VT(2 )'SPI4J.CThIJ-VT (31*STH.)

132 C22*-VTCI1)*SPHJ.VT(2 )*CPMU
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133 Cill COMPUTE FIELD REFLECTED FR6M PLATf
134 Al-EF*CIl.EO*CI2
235 A2oEF*C21+EG*C22
136 CJ I=VNXP,tI)*OT( I)+VNCM(P,2)*Dr(2)+VN(HP,3)*DT(3)
137 C.12uVNfMP, 1)*DP( I)+VN(NP,2)*DP(2)
138 C21=VT(2)*DTCI )*VT(2)*0T(2)*VT(3)*DT(3)
139 C22=VT(I )*DP(I ).VT(2)*DP(2)
140 A3oC2.1~*C22-C12*C21
141 CliI COMPUTE THETA AND PHI REFLECTED FIELD COMPONENTS
142 ETH-CAI*C22+A2*C12)/A3
143 EPH-CA2*CII+AI*C21)/A3
144 C1II COMPUTE THETA AND PHI COMPONENTS OF HARD AND
145 CiII SOFT COMPONENTS OF RAY INCIDENT ONl CYLINDER
146 ERXwEIPR*UIPRX
147 ERY.EIPR*UIPRY
148 ERZuEIPR*UIPRZ
149 ESTHmERX*CPHJ*CTIU+ERY*SPHJ*CrTHJ-ERZ*STHJ
150 ESPH~-EkX*SPHJ+ERY*CPNJ
151 ERXuEIPP*URPPX
152 ERYuEI PP*URPPY
253 ERZ=EI PP*URPPZ
254 EH7H=ERX*CPNJ*CTHJERY*SPIIJ*CTHJ-ERZ*STHJ
155 EliPH.-ERX*SPHJ+ERY*CPHJ
156 GO TO9055
157 .12 LRFSCMP)a.FALSE.
158 1I LTRFJ=.TRUE.
159 ETHS(o..0.)
16 0 EPH-(O.,O.)
161 &05 CONTINUE
162 IF(.NOT.LTEST) RETURN
163 W~RITEC6,901)
164 W0J FORMAT(/,, TECSTING RCLRPL SUBROUTINE')
165 WRITE(6,*) ETH,EPI1,MP
166 RETURN

167 END
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REFBP

3 PURPOSE

To calculate incident ray directl;on needed in order to obtain re-I flected ray in a given direction off of a spe-fled plate.

PERTINENT GEOMETRY

I
....... DR_2,,A VVNI n

A
II PLATE 1P

Figure 88--Illustration of i,?cident and
reflected rays on plate.

METHOD
1 A
VI is found by imaging DR into plate MP:
A,* A Aq A p•

VI OR -2(VN.DR) VN.

i37

['! ' •: I333



FLOW DIAGRAM

AEF8P (PflhR,TXZR.PMG,ThSA 1WM)

IW ARIABLES
M~IR phi conuinent of reflected ray propplait~iof

, irectiae i n RCS
"Irso theta cr-conent of reflected ray oropaqation

direction, in RCS
MP plate whiere ref lection occurs

OUTPUT VAaASALES
P'WR phi ctaupoent of Incident ray propagatiin

direc ion In RCS
THIR th~eta compoment of Iin. .. nt ray propagationr

direction 1.ý kCS

Take dot orodu~rt of reflected ray prop -iton

CPS COSINE OF THSII

JRCS CO)MPOeNENS
Writ) EARLR DETECTION VRAL
AP PLATE ~JPCN NC4RFECINOCR
PHI 61 PHI1 CWi(WENET ( N E RA OP~0AOATIý)N

PUS3k PHI O) E1Ot ELME RAY MXAGAT ION
DIRIECTION4 III Res

W4~ SINE OF PV4S-.
STS SWEl 00- 7-ý
THIla PtElA Cf2PUkE91T ctO IDET Ox" PROAGAT1ON

rncI R'T I i I N

DIRKCIOUS IN Res

Vt .&YEZ CUXPt0N5 t7 l CF~ ~ W'M QY P4,A%~~

VINI r-T 047C' V"I RWRS1 AL 910~ Vt
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rcfD. LISTING

2 SUBkOUTINE1 WUEJP(PHIRTllIRPf6RTHSRJMP)

ACil! VETERMIIJE INCIDENT RAY DIRECTION CPHIR.T"IRI
5 C111 li- UMY R~EFLECTED FROM. PLATE MP IS INl (PH?.,THSR) DIRECTION.

CO1$XOt/CEOPLA/X( 14,6,3).Y(14l4,~3),VP( 14,6,3),VN( 14,3)
2,MEiP(14),!4PX

163 C01.!OlJ/PIS/PI .TPI,LWR,RPD
11 cPsucos(MV.0
12 SPSuSIN(PHSR)
15 CTS--COS(lThSR)
14 STSUS1N(TNS I
15 PhI(I)=CPS*STS

1 0 DR(2)wSPS*,ST
57 URM(.3)C1

16 C!!! TA&E I3OT PRODUCT OF DR AND) VN
I'. Ui.'(MP. I )*OR C I )+VN (UP.2)t*OR( 2)+V?1( 1.9,3 ).3R
2(a CM! CALCULATE wt. THE INC RAY AWRS.CTION
21 1)0 10 li.1, 3
22 irU VI ( Woh ('10-2,*Drr*VN WD, 1)
23 CM! CU5VEIRT VI TO SPHERICAL ANIGLES IN RCS
24 PHIW~t!XTAf'2(VIC2),'dI(l))

21 EN N.ARIS C U*V IN I
2$ IF(Eitf).CT.l.E-5) KIiWE(6,I) FRfDPtSR.TIG2
2%0~ FojWAATt' ERRCR IN REFBPs ',.3FI2.5)
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S~REFCAP

PURPOSE

To calculate the far-zone electric field resulting from the
reflection of the source off of a given cylinder end cap.

D

SOURCEj
LOCATION

SOURCE IMAGE
i LOCATION 'RIC

to '

Fiure 89--illustration of source.ray reflection from end cap,

The field rtflected from a cylinder end cap is found using
image theory, Fir st the ray path is checked to insure that the
refliction point is on the end cap and that the ray is not shadowed.
The fields are then calculated using the SOURCE subroutine with
the Source cmordinates oriented from icav theory so tCat the proper
boundary c-anditions are mt at the surface of the end cap. The
phase is referred t¶. the reference coordinate system ori;-n using

the factor em-MT The reflected field h5s the fora

a -tikRE- 3 ET WE) " " -K--.

"i:i ils Si~atiso-e e;ht (lV* are added elsetscre in

aw

,I.

7- -*-~.-.3- 6

~v~tA.~.~& ;~Ac& Žcce.2 ~ '95k*Z3-o-cS"tlý



7
FLOW DIAGARN

REFCAP (ETH,EPII,MC)

INPUJT VARIAILES
W end cap for which reflectioa occurs

OUTPWI VARIASLES

7 ~ETH theta c~oneno t of reflected C-field
wihpaerterred to RCS orlvgu

EPH phi canionent of ref lected E f eta
with phase referred to RCS origin

tref ghet d r C htap? e

olate?

Knowfftg the ref teCted ray Itrecttcan
cwcute In eiwt ray porctugatton

direct ion

ray Mit 4 0lete of the
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SYMBOL DICTIONARY

DHT DISTANCE FROM SOURCE TO HIT POINT ON END CAP (FROM
CAPI NT)

LIHIT DISTANCE FRCM SOURCE TO HIT POINT ON PLATE
(FROM PLAINT)

DI UNIT VECTOR OF INCIDENT RAY PROPAGATION DIRECTION
DN DOT PRODUCT OF REFLECTED RAY PROP DIR AND END CAP UNIT

NORMAL
DNI DOT PRODUCT OF INCIDENT RAY AND END CAP UNIT NORMAL
EF PATIERN FACTOR FOR THETA COMPONENT OF INCIDENT E FIELD
EG PATIERN FACTOR FOR PHI COMPONENT OF INCIDENT E FIELD
EPH PHI COMPONENT OF REFLECTED E FIELD IN RCS
ETH THETA COMPONENT OF REFLECTED E FIELD IN RCS
EX PHASE TERM
GAM PHASE TERM PARAMETER
LHII SET TRUE IF RAY HITS PLATE(FROM PLAINT)
MC END CAP WHERE REFLECTION OCCURS
N DO LOOP VARIABLE
NC SIGN CHAN4GE VARIABLE
NI DO LOOP VARIABLE
NJ DO LOOP VARIABLE
VAX XYZ COMPONENTS DEFINING THE IMAGE SOURCE

COORDINATE SYSTEM IN CXYZ) RCS COMPONENTS
VN UNIT NORMAL TO END CAP IN RCS (X,Y,Z) COMPONENTS
XIS SOURCE IMAGE LOCATION

338
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1 CODE LISTING

12 SUBROUTINE REF~CAP(ETH.EPH,PAC)

4C!!! COMPUIES THE REFLECTED FIELD FROM THE END CAPS
5 C!!! 01- THlE ELLIPTIC CYLINDER
o C!!!

I7 COMPLEX ETEPH.EFEG,EIX,EIYEIZ,EX
*8 DIMENSICW XIS(3),DI(3),VN(3),.VAX(3,3)

LOGICAL LHIT,LDEBUG,L.TEST
10 COMMON/DIR/D(3),THSR.PHSR, SPHS,CPHS. STHlS.CTHS1 11 COMMON/5ORINF/XS(3),VXS(3,3)512 COMMON/IMCIN4F/XIC(2,3),VXICC3,3.2)
1,3 COMMAON/GEOMEL/A,B,ZC(2).SNC(2),CNC(2),CTC(2)
14 COJMMON/PIS/PI,TPI,DPk.RPD
15 COMMON/TEST/LDEBUG, LTEST
1 6 IF(LDEBUG) WRITE(6,900)
1-t SI,00 FORMAT(//P DEBUGGING REFCAP S-UBROUTINEP)
18 C!!! SPECIFY IMAGE LOCATION

I.V DO 5 N=1,3
120 5 XIS(N)=XIC(MC,N)421 CU1! DOES RAY FROM IMAGE PASS THRU DISK

22 CALL CAPINT(XIS,D,DHT,5AC.LHIT)
23 IF(.NOT.LHIT) GO TO 30
24 C11! DOES REFL. RAY HIT A PLATE1 25 CALL PLAINT(XIS,f),DHIT,01,LVIT)
26 IF(LHIT) GO TO 30
27 C!l! KNOWING OBS. DIR. COMPUTE IHE INCIDENT RAY PROPAGATION
28 C!!! DIRECTION

2, NCwfMC
.30 IF (MC. GT. I) NC- I
31 VN(i )=-tC*CNC(MC)
32 V()O

VN (3 )nNC*SNC (MC)
.34 DN-VN( i)*D( I)+VN(2)*D(2)'+VN(3ý*D(3)
.35 DO 10 N-1.3
:36 .10 DI(N)-D(N)-2.*DN*VP(N)
3-1 C!!! DOES RA'ý FROM SOURCE HIT A PLATE
3b CALL PLAINT(XS.DIDHIT,0,LHIT)
."S' IF(LHIT.AND.(r)HIT.LT.D~fC)) GO TO 30
40 C!!! DOES WAY FROM SOURCE HIT THE CYLINDER
41 DNI=VNl(I)*Dl(l).VN1(2)*DI(2)+VN(3)*DI(3)
'42 IF(DNI.CýE.0.) GO TO 30

143 C!!! SPECIFY SOURCE IMAGE AXES
44 DO 20 NJu1,3
45 DO 20 NI=1,3
4o 20 VAX(NI,NJ)=VXIC(NI.NJ,MC)
4-1 LC! CALCULATE INCIDENT FIELD PATTERN FACTOR148 CALL SOURCE(EF,EO,EIX,RIY,EIZTH4SR,PH.SR,VAX)

4, IF(LDEBUG) MhRITE(6.*) XIS
50 IF(LDEI$UG) !KRITE(6.*) EFIEG
51S C!!! CALCULAIE PHASE TERM (REFER PHASE TO RCS ORIGIN)

152 GAMWXIC(MC,I )*D(I)+XIC(M(C,2)*D(2),XIC(MC,3)*D(3)
53ý EX=CEXP~CMPLX(0. ,TPI*GAM))

54 ETHwEF*EX
55 EPH-EN;*EX

56 RETURN
57 3k) CONTINUE

ETH-(0.,0.)
5w EPHo(o.0.))

006 IF(.NOT.LTEST) RETURN
VI 61RITE(6,910)

62 ý10 !FORMAT(/,t TESTING REFCAP SUBROUTINE')
o63 idRITE(6,*) ETH,EPH,?4C
64 RETURN[ 0 END

31



REFCYL

PURPOSE

To calculate the geometrical optics field due to reflection of
the source field off of the cylinder surface and generate data used
in subroutine SCTCYL.

D r

Figjure 90-- Geometry of ray reflected from cylinder.

e•= UIPRX • + UIPRY • + UIPRZ ~
^i,= UIPPX e + UIPPY + UIPPZ

re, URPPX + URPPY + URSPZR

iNUN = UN(1)x + UN(2)y =normal to cylinder
A A

UB UB(1) G + UB(2)y = tangent to cylinder

X-R = reflection point = ^ XR(1) + XR(2) + 2 XR(3)

U N XS(1) + U XS(2) + n" XS(3)
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11 METHOD

Subroutine REFCYL functions as a service routine for subroutine
SCTCYL, where the actual cylinder fields are computed. The geo-
metrical optics reflected field components ETH and EPH computed
in REFCYL are used only for reference purposes (when LOUT is set

11 true). The field components calculated in REFCYL which are used
in SCTCYL are the hard and soft components of the source field
incident on the cylinder at the reflection point. These components,
along with several other useful parameters are passed to subroutine
SCTCYL through common block FUDG.

The geometrical optics fields [4) in the far field have the
form

trr i(QR).'pffI 
e es

1 5

where i(Q ) is the incident field at the reflection point, • is
the dyadic reflection coefficient, s is the distance from the re-

flection point to the far field, and s isrthe faF-feld spread
factor for the field. The caustic dislafces 01 and and further
details to the solution are given on pages 105-107 of Reference Ii eThe phase of the reflected field is referred to the reference co-

1' e ks Ak*X , JkR
ordinate system origin so that k e -eThe re-
flected field then has the form s "R

A Ar m ^ ^e-jkR
r=W(ETHO + EPH) e

m, R
S~e-jkR

where the factor and the source weight (Wm) are added elsewhere
in the code. Rm
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FLOW DIAGRAM

REFCYL (ETN,EPH)

* 4 OUTPUT VARIABLESETH theta Component of reflected E-field
EPII Phi component of reflected E-fiele

LTRF False

Can
source illuminate N

Cylinder?

"Cjlcute redfosecvtion point 110

Yes

IsI

IsI
Ye eelet illegal?



II

-a-Yes :re~flIected -ray shadowed

,OYes incident ray hit a plate before

C alpu lte incident field cmoet

pe orpe mialr and tang lent to the
plane of incidence)

FCompute iniefnetd field components

perpendicular and parallel to the
plane of incidence

Copt rflected field components

Compute thetectnd phiel components o

optthtand Soft c omponents f

field Incident on cylinder

LRFC - False
LTRF a True
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SYMBOL DICTIONARY

L
CTHI DOT PRODUCT OF CYLINDER NORMAL AND REFL PROP DIR UNIT VECTOR
CK COSINE OF OR
D PROPAGATION DIRECTION AFTER REFL. IN (X,".Z) RCS COMPONENTS
D12 DOT PRODUCT OF SOURCE VECTORS TANGENT TO CYLINDER. (2-0) L
DD NORMALIZATION CONSTANT FOR REFL. PT. UNIT NORMAL (FROM RFPTCL)
DD) DOT PRODUCT OF UNIT VECTOR OF PROPAGATION DIRECTION AND

CYLINDER TANGENT UNIT VECTOR THROUGH TAN POINT I (2-D)
002 DOT PRODUCT OF UNIT VECTOR OF PROPAGATION DIRECTION AND

CYLINDER TANGENT UNIT VECTOR THROUGH TAN POINT 2 (2-D)
DHIT DISTANCE FROM SOURCE TO HIT POINT (FROM PLAINT)
DI XY, AND Z COMPONENTS OF INCIDENT RAY DIRECTION IN RCS
DOTP DIFFERENCE OF DOT PRODUCTS RETURNED FROM SUB RFPTCL (2-0)
OXY DOT PRODUCT OF VECTOR PROM ORIGIN TO SOURCE AND PROP. DIR (2-D)
EF PATIERN FACTOR OF THETA COMPONENT OF INCIDENT FIELD IN RCS
EG PATTUERN FACTOR OF PHI COMPONENT OF INCIDENT FIELD IN RCS
EHPH PHI COMPONENT OF THE HARD COMPONENT OF FIELD INC ON CYL
EHPH THEIA COMPONENT OF THE HARD COMPONENT OF FIELD INC ON CYL
EIPP INCIDENT FIELD COMPONENT PARALLEL TO PLANE OF INCIDENCEY
EIPR INCIDENT FIELD COliPONENT PERPENDICULAR TO PLANE OF INC
EPH PHI COMPONENT OF REFLECTED E-FIELD
ERPP REFLECTED FIELD COMPONENT PARALLEL TO PLANE OF INCIDENCE
ERPR REFLECTED FIELD COMPONENT PERPENDICULAR TO PLANE OF INC.
ERX XYIZ COMPONENTS OF REFLECTED FIELD IN RCIS
LkF (ALSO USED TO DEFINE COMPONENTS INCIDENT ON
ERZ 3CYLINDER)
ESPH PHI COMPONENT OF THE SOFT COMPONENT OF FIELD INC ON CYL
ESTH THETA COMPONENT OF THE SOFT COMPONENT OF FIELD INC ON CYL i
ETPH A THETA COMPONENT OIF REFLECTED E FIELD
EX7
EY PATIERN FACTOR OF XYZ COMPONENTS OF INCIDENT FIELD IN RCS
EZ
LHI SET TRUE IF RAY HITS PLATE (FROM PLAINT)
LRFC SET TRUE IF REFL DATA IS AVAILABLE FROM PREVIOUS PATTERN

ANGLE (OR FOR NEXT PATTERN ANGLE WHEN LEAVING ROUTINE)
LTRF SET TRUE IF 0.0. REFLECTED FIELD DOES NOT EXIST
PH PHASE AND MAGNITUDE CONSTANT FOR INCIDENT OR REFLECTED FIELD
PHIR PHI COMPONENT OF INCIDENT RAY DIRECTION
RG PARAMETER USED IN TRANSITION FUNCTION
RHOI RAY SPREADING RADIUS IN PLANE OF CYL CURVATUVE AT REFL. PT.
RHO2 RAY SPREAD!NC RADIUS IN PLARF NO'!TO PLANE

OF INCIDENCE AT REFLECTIUN POINT
S DISTANCE FROM SOURCE TO REFL. POINT IN X-Y PLANE
SNAG DISTANCE FROM SOURCE TO REFLECTION POINT
SORM SPREADING FACTOR
SXNWS SINE OF OR

SYN X,Y, AND Z COMPONENTS OF UNIT VECTOR OF RAY FROM REFL.
SZN POINT TO SOURCE IN RCS
THIR THIEA COMPONENT OF INCIDENT RAY DIRECTION
TRAN PARAMETER USED IN TRANSITION FUNCTION _
TXI X COMPONENT OF SOURCE VECTOR TANGENT TO TAN POINT I (2-D)
TX2 X COMPONENT OF SOURCE VECTOR TANGENT TO TAN POINT 2 (2-0)
TYI Y COMPONENT OF SOURCE VECTOR TANGENT TO TAN POINT f (2-0)
TY2 Y COMPONENT OF SOURCE VECTOR TANGENT TO TAN POINT 2 (2-0) i
UB XY COMPONENTS OF UNIT VECTOR TANGENT TO CYLINDER

REFLECThJN POINT IN RCS (2-0)
U I PPX
UIPPY X,Y,Z COMPONENTS OF INCIDENT FIELD POLARIZATION UNIT VECTOR
UIPPZ PARALLEL TO PLANE OF INCIDENCE
UIPRX
UIPRY XY,Z COMPONENTS OF INC/REFL FIELD POLARIZATION UNIT VECTOR
UIPRZ1 PERPENDICULAR TO PLANE OF INCIDENCE
UN XY COMPONENTS OF UNIT NORMAL TO CYLINDER REFL I

POINT IN RCS (2-n)
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u 11r.py1 X,Y,Z COMPOTCNENTS O6F 'REFL FIELD POLAR IZATIO9-Ni d UNT VECO
URPPL) PARALL41L TO PL~ANE OF INCIDENCE
Vil ELL. ANGLE DEFINING REFLECTION POINT IN ERCS.
VXS X,Y,Z COMPONENTS OF UNIT VECTORS DEFINING SOURCE

COORDINATE SYSTEM AXES IN RCS
NHR PHI ANGLE DEFINING PROPAGATION

DIRECTION IN CYL REF!.. POINT COORD SYSTEM
XR LOCATION OF REFLECTION POINT IN (X',Y,Z) REF COORD SYS.

3

I
I

I
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CODE LISTING

2 SUBROUTINE 1ECYL(ETH,EPH)

4 CII! COMPUTE-5 THE REFLECTED FIELD OF THE ELLIPTIC CYLINDER

DIMENSM~N UN(2),UB(2),01C3)
COMPLEX ETH,EPH.EX.EY,EZ,PH.EIPR.EIPP.ERX.ERY.ERZ.ERPR,ERPP

a COMPLEX ESTH ESPH,ENTH.EHPH.TRAN,EFEG
LOGICAL YI~iT,LRFC,LTPF ,LDEB[UO.LTEST

10COM1MON/FUUG/TRAN.F.5TH,ESPH.EKTH,EH1PH.XR(3),R0 RHOI ,SMIAGLTRF
III CUM14ON/GEOMELIA, B,ZC(2), SNC(2),CNC(2).CTC(2)
12 COMlAOtN/SOHINF/XS(3),VXS(3,3)
13 COMMUN/PIS/PI .TPI.DPR,RPD

14 CUMh10W/bI)/D(53) .TH5R.PHSP. SPS, CPS, STHS*CTHS
15 CUM-.'AONrrHPHlUV/Ir(.3),DP(2)
to COM)..ON/EPDrSCL/v)TS,VTSC2) .BTS(4)
I I C0XMuN/TEST/tUEIWG,LTESTL
18 COIMAON/CLRFC/LRFC

Ii iFCLDEBUJC) VWRITE(6,903e)
20) ý4:JC FORAIAT(/,' DEBUIGGING REFCYL SUBROUTINE'
21 LTRj:-.PLSE.
22 C!!! CAN4 SOUIIC2 IUl.UMINATE CYLINDER? 1;3US.T-I5 GO TO 12
24 P)XY-XS( I)*CPSXS(2 )*SPS
25 C!!! IS SOURCE AND OBSERVATION POINT ON SAUE SIDE OF CYLIND)ER?

IFCI)XY.CT.0.) 0O TO 10
27 D12=DTS

ý6 TX IBTSCI)

00 TX hlýTSV) *P

4 V)D2uTX2*CPS*'1Y2*SPS
.ý4 L!!! IS ORSE6VATION POINT IN SHADOW ZONE OF INFINITE CYLINDER?

35 IF(DDI.CGT.DI2.AND.CO2.GT.DJ2) 0O TO 12
30 Ik; CONtrINJE
3ý* C!!! CALCULATE R~EFLECTION POINT58 CALL HFPTCL( PHSR.0.VR.DOTPIPDn.S.LRFC)

[6CLDESIJG) WAI!TE(6.*) VR.DOTP. O.S.LRFC
4iý C!!! IS REFLECTION1 ILLEGAL?
41 1IF CDOP. LE .0 .)GO TO It
42 XRi4C)-A*COS(vR)

Xw(2)u8*SIfl(vR)
44 Xk(3)wX!13,,S*CTHS/STHS
41) LI!! IS RErLECTIOV POINIT OFF OF FINITE CYLINDER?
40 IF(XhC3J.GT.ZC(I).XU(il*CTCC(I).OR.
41 2C3it').L.1C(2)*XrCI)*CTCCZ)) CnO TO 114b Lift 1$ ;S1EFI.ECTED RAY SH1ADOWIED BY A PLATE?

CALL PLAIrUr(XRD.V.HI7*,0LHT)
IWtLH!T) GO '10 I1

5' £At'a0fiW;C sxI;*SXNSYU4*SYN.$ZN.*-zU)

54b SXI&SYNZSM AD

b t I oiTAN.2t~4~ S%!-*SXN*SYN*SYN) .- 824

01 1 t (105'1 NflPIlk It SINCTH~k I
o0.. I' I ( I CL S ITHI k
6- Lit! VVJ!S !IlCI0E;V- RAY HIT PLATE AEFORG CY? IrA*R7CALL PLfIT(X-sntlPIT.0 LIfT)

IrtLHIT.AfIV.itFHIT.t.T.SMA6i) CC TO itSiC!! CALCII-AlF INClrfiNT FIELD PATThIRH FACTOPS
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01 CALL SOUHC b(bF.IEGEX EYs ZMl4 04 , 1
66 I(LDEBUG) WhITE(6**) FFE

I70 CALL NAf;JD8UN.Ub.VR)
i I CTHIwUNC ifI )*Ott J(2)*I)(2)
$2 WR-BTAI42CSJ41*UB( I )SVxN*AIB(2) .SZr)

1 74 ChduCOSCI'.)
-1 SST2xSII*SW+CYI*CW'CTHI'CTHI

RNO2=SMAG
77 14H0 I SMAG*HG*CTH1/ (RQ*CT*'I 2 .*SMOk*SST2)

IF(LDEEBUG) I*!ITE(6**) RG.1df401,PH(2.CTF4I.$5T2
tv Ciff COMPUTE FIELD POLAiWIZATION UNIT VECTORS (PERPEN4DICULAR
80 C!11 AND PARALLEL TO PLANE OF IFCIDEVCE)

81 U I Pk XSI N (ivI-PI1/2. ) *Us ( I )
tb. UIPRY-SINCWR-PI/2.W)*B(2)

b. JIPWLZCGSCNlR-PI/2. )

8o UIPPYNSZN*U!PRX..SZM*UIPHY

bbURPPY-U1PkZ*D( I).U!Pf?X*DC.3)
bv URPPZ=UIPHX*0t2)-UIP1?QIYit)
sld PH'~iý P (04 PL X( 0 . .- TP I * StlAG ) ) /5??AG

if--v C! !. COMPUIfE INCICIDEN!T FIELD CCMI0O1IEý:TS F'ERPENDICUU.R AND
%Q2 Ci II PARIALLEL TO PLAIIF OF !PCIDVIECE
10 .~ E[PHotU1PNX*EX+1JIPRY.EY.UIPPZ*EZ)

I EZPP-CUI PPX'.EX.UIPPY*EY.UI PPZ.EZ)
45 P~aPH*CIXP(CMPLX(0..TPI*(XIR(I)aO(t).XR(2)*D(2)4XR(-)*O(3)1))
%o SORfHSOhT C RHOI *R14O2)I ~ ~io7lI COMPUTE RMFECTED FIELD COMPONENTS PEFPPLDICULA! A44

%pb C!!! PARALLEL TO PLANE OF INC1)E?*CE

ILW EhtPPwsQid*H*vK*EPp
11 TRiAN$soflitPH

'v. Ci!! CWPIPU5h REFLECTEC FIELD CO4PPONE1&TS IN (XYZ) RCS CO"POIIE1TS
IW4 kR.EkPIhUZPRY+EnPP'UKPPX

let) Ei4Z wf, P 6,w I P RZ.I kP P* UkPPZ
Ioo CI!! COIAPUIF TIf-A .t-4) H CW cPC!0TS OF PEFLECTE-n FIELI) IN: RCS

Ioiv 01! COMPUTF THET~A AtIV PHI Ct MPCENDTS iý HARD ANO SOFT
liv L!I!i CCVoPUREAS OF FIELOD INCIDWb OR CYLPZ.EI
III
112 EkyajtktuipitY

Ii') E5P1AmE),*DPt I IE1).Eilt.O.)

12 t Elip"A"109IZiT I) #LMYOOT?),.R'T

11 C-0 TC W,1

JZ3 itL i0-4E
Jo E12' L V

7 1~s t.I -f3TPO MiiCYL -SUW0(!UTI1IE0
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REFPLA

PURPOSE

To calculate the far-zone electric field due to single reflection
off of a given plate.

PERTINENT GEOMETRY

SOURCE

LOCATION

DI
V&

"S C I

'ALOCATOT XIS

Figure 91-- Geometry for source ray reflection from plate
iT -x = XIs(I) + i• XIs(2) + i, XIs(3)

01 01(OlZ) + j• o(2) + i 01(3)

The reflected field from a plate is found using image theory.
First the rkv oath is checked to insure that the reflection point ison the plate and that the ray path is not shdowed. The fields are
then Calculated using the• SOURCE subroutine with the source coordinates

:. oriented irom inage theo-"y so that the proper boundary conditions are
•m met at the surface of the pltae. The phase i; referred to the reference

i:coordinate system origin using the factor e JkO-')]" . Ie reflected
" ~ field has the form

34g.
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1 R

:_-__~~~ -- __-.i -e-jkR

The factor -v and the source current weight (W ) are added elsewhere
4 in the cce. K

1
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FLOW~ DIAGRAM

nFFPILA (ERTEIP6P)

IWIIT VARIABL.E
NP Olate where refleCtlool octurs

OUTPUT VARIABLES
ERT Theta c~OMenut of reflected field

In RCS
URP Pibi componeft of reflected field

3S0



SYmBOL DICTIONARY

CPHI COSINE OF PHIR
CPHS COSINE OF PHSR
CThI COSINE OF THIR
CTHS COSINE OF THS5.
I0 X*YZ COMPONENTS OF RAY PROPAGATION DIRECTION

AFTER REFLECTION IN RCS
OM IT DISTANCE FROM SOURCE TO REFLECTION POINT

(FIRO PLAINT)
UKT DISTANCE FROR SOURCE TO HIT POINT (FROM PLAINT

AND CYLINT)
01 XIYZ. COMPOhENTS OF INCIDENT RAY PROPAGATION

DIRECTION IN RCS
u1 PAITERN FACTOR FOR THETA COMPONENT OF SOURCE

FIELD IN RCS
t:0 PA71EIRN FACTOR FOR PHI COMPONENT OF SOURCE

FIELD IN RCS
Elkx NOT USED

* Ells NOT USED
EIZ NOT USED
EX COMPLEX PHASE FACTOR (CEXPCJ*TPItOAM))
"GANU PHASE DISTANCE TO ORIGIN (DOT PRODUCT CF IMAGE

LW CATION AND REFLECTED RAY PROPAGAf ION DIRECTION)
LHIT SET TRUE IF RAY INTERSECTS A PLATE OR CYUINER

(iFRlO OL.INT O CYLINT)
"uP PLAlE FROP(.WHICH REFLECTION OCCURS
N DO LOOP VARIABLE
NI DO LOOP VARIABLE
NJ 00 LOOP VARIABLE
PHIk PHI COMPONENT OF INCIDENT RAY PROPAGATION

DIRECTION IN RCS
PHSIW PI COMPON4ENT OF RAY PROPAGATION DIRECTION1

AI..Th,, REFLECTION IN RCS
SPHI SINE OF PH1k
SPHS SINE OF PHSP
"STetL si•NE OF ,'7,k
THIk .'nft"A COPONENT CF INCI)ENT RAY PROPAGATION

DOIRECTIOU IN RCS
THSIIR ThIA COMPONENT CF RAY PROPAGATION OIRECTION4

AFTER! REFLECTION IN RCS
VAI 1,YZ CQMPONENTS DEFINING ULIT VECTORS OF THE

SOURCE IMAGc COOMDINATE SYSTEM AXES IN RCS
X1 TRIPLY DIMENSIONED Ai•RAY OF IMAGE LOCATIONS
itiS XYZ COMPONENTS OF SOURCE IMACE LOCATIOll

(SINC4.E EFLECTION FROM1 PLATE lUP)
X5 SOUWCE LOCATION IN (XYZ) UEF COORD SYS.

.....,.-



2 SUBROUTINE [?1-PLA(FRT,.ERP, NIP)

4 CMI DETERMINES THE REFLECTED FIELD FROM PLATE #MP WITH PHASE
5ý C!!I! REFERRED TO THE ORIGIN.

I COMPLEX EF,EG,EXERT.ERP,EIX,EIY.EIZ
8 DIMENSION XIE(3),DI(3),VAX(3,3)

LOGICAL LHIT
10 LOGICAL LDEBUG-,LTEST
1i CO9MON/TEST/LDEBUG,LTEST
12 CO!.ýMON/DIR/D(3),THSR$PHSR,SPHS,CPHSfSTHS,,-THS

413 COkMON/GEOPLA/X(I4,6,3),V(t4ý,6.3),VP(I46.63).VN(I4.3)
1, 2,'AEP (14) MPX
15 CO0410Nt/SCRINF/XS(3).VXS.(3,2)

COMMOf/ IMA INF/XT( 14, 14,3) ,VX I( 3,3, (4)
17 COMMOt4/PI.S/PI,TPI,DPR.RPD

]b IF (LDEBUG) WRITE (6.101)
1Y 101 FORMAT (/,- PEBIJOGING REFPLA SUBROUTINE')
2~ W (I !SPECILýY IMAAGE LOCATION.
21 DO 5 N=1,3

2t X I s(m =x I (mp,mP, w
23 C!!! DOES RA' FROM SOURCE I,''AGE PASS THRU PLATE
24 CALL PLAINT1(XIS,D,DHIT,-?MP,LHIT)
25 1IF(.-NOT.LHIT) GO TO 30
26 C!!! DOES REFL. RAY HIT ANOTHER PLATE.
2-1 CALL RLfINT(XIS.D,tDHT,?AP.LPIT)

IF(LHIT) GO TO 303
2'i C!!! DOES REFL. RAY HIT A CYLINDER.

3c ',ALL CYLINIT(xis,D,PHSRDHT,LHIT,.TRUE.)
51 IF(LHIT) GO TO 30
, .2 C!!! ICNWI1IG RAI). DIRP. COMPUTE THE INCIDENT RAY DIRECTION

CALL REFBP(PHIRTHIR,PHSR,THSRHiP)
)4 IF (LDEEUG) V;RITE (6,*) PHIR.THIR,PHSRTHSR,MP
5t PF1I=SI1%\(PHIk)

CPHI=COS(PHIR)I ffHII=EIN(THIR)
3b CT iI =CO ,$(TI'IR)

51 ( I )=CPHI*STdI1
4V )D (2 )=SP!21*SiH I
41 DI (3)=C1111

~2 C!!! DOUES RAI FROM SOURCE HIT ANOTHER PLATE.
42 C;ALL PLAINT(X5,D0I,DHT,14P,LH4IT)

4 ý IF(LHIT.AND.(I)HT.LT.DHIT)) GO TO 30
4b5 C!!! DOES RA) FROM SOURCE HIT A CYLINDER.

CALL C7LINT(XS,D)I, PHI RDh-T,LHI T, .FALSF.)
IF(LHIT.AND.(DHT.LT.0HIT)) GO TO 30

4b )D 20 NJ=1 .3
4/ DO 20 rNII ,3

')0 20 VAX(NI,1JJ)=VXI(NINJ,MP)
51 C!!! t.ALCIILATE SOURCE -FIELD PATTERN FACTOR RVX52 CALL SOUHCE(EF,EG-,EIXEIY,EIZ,THSR,PHSRAX
5)3 IF (LDELJG) V`RITE (6.:-) FF,EO
5,4 C!!! COMPUTE PHASF REFERRED) TO THE ORIGIN.
55 G;AM-XI(MP,MP,1)*D(l)4Xl(M4P,MP,2)*D(2)+Xl(tiP,MP,3)*b.(3)
tSo FX=CEXP(CMPLX(O. ,TPI*GAM))
5.)7 ERT=EF*EX

5b ERP=EG*EX
C-010 1

00 CONTINU11E

ol ERP= (0. , L

o', I IF (.NOT.LTF5T) 00 TO 2

OS3 FORMAAT (/," I-.STING RErPLA SUBRROUTINE')
CL 1~I~i-(c.*) EkT,ERP.MP

07 2 RETURN4
END)
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I RFDF IN

PUIRPOSE
To determine the reflection point on an elliptic cylinder for a

given source and observation location in the near field of the cylinder.

I PERTINENT GEOMETRY

I •SOURCE LOCATION

TT

OBSERVATION
"POINT X'

Figure 92-- Illustration of a reflection point on a cylinder for

a near field observation point.

XS x XS(1) + y XS(2) + z XS(3)

WR X-R XR(1) + y XR(2) + £ XR(3)

S= 2 XC(1) + 9 XC(2) + i XC(3)

METHOD

This subroutine solves a polynomnial equation, the roots which
"define possible reflection point locations. The true point is singled
out using the laws of reflection.
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FLOW DIAGRAM

RFOFIN (VRbUR.VI.XC)

INPUT VARIABLE
XC xy, and z components of the

observation point in the near field
of the cylinder

OUTPUT VARIABLES
VR elliptical angle defining (x and y

components of) reflection point
UR z component of reflection point on

cylinder in RCS
VI x,y and z components of reflected ray

propagat'on direction

SDetermine coefficients of
pynial equation

Solve polynomial equation to
obtain possible reflc.tion points

Determine physically correct
reflection points (satisfy law

of reflection)

SYMBOL DICTIONARY

CA COMPLEX COEFFICIENTS OF SIXTH ORDER POLYNOMIAL EOUATION
RY ROOTS OF POLYNOMIAL EQUATION
S SMALLEST DISTANCE FROM SOURCE TO REFLECTION POINT

TO CBSERVATION POINT
Sm DISTANCE FROM SOURCE TO REFLECTION POINT PLUS THE

DISTANCE FROM THE REFLECTION POINT TO THE OBSERVATION
PO [NT

V1,11 ELL ANGLE DEFINING POSSIBLE REFLECTION POINT ON CYL
I IA NORMALIZATION COFSTANT FOR VI

XR XY,Z COMPONENTS OF REFLECTION POINT LOCATIOON. ON
CYLINDER
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COD LISTINGI RFDFIN(VRtUR.VIXC)

4 C!!! DETER~MINES IHE NEAR FIELD REFLECTION POINT FROM AN
5 C!!! LLLIP~iIC CYLINDER

COMPLEX CAC?/),IT(6)
b DIMENbIUiN XR(3),VI(3),XC(3)
9 CoI;LWNot/GEOMEI./A,B,ZC(2),SN4CC2) CIIC(2),CTC(2)

I k) C~l-iMoN/50RINF/XS(3),VXS(3,3)
11CU DETER(MINE COEitFICIENIS OF POLYNOMIAL EQUATION
12 CA( I)=(I*A-l3*t3)*C!MPT.X(A* (XC(2) +XS(2) ), B*(XC( I)+XS( I)
13 CA(o)=-2..,CNSPLX((A*A+B*B3)*(XS(l)*XC(2)+XS(2)*XC(l))
1'.4 2,2.*A.*B*(A*A-B*B+Xs$(1)*'XC(l)-XS(2)*XC(2l))

* 15 CA(5)-CMPLX(A*(5.*B*13-A*A)*(XS(2)+XC(2))
16 2B(i**-~f)(S1+C1)
1 - CA(4)=CM4PtL(4.*(A*A-B*5)*(XS(l)*XC(2)+XS(2)*XC(l)).0.)
18 CA(3)=CQ4JG(CA(5))

ly CA(2)=C0HJG(CA(6))
1.20 CA( I )=C(l;JOCA(- ))

21 C!!! SOLVE POLYNOMAIAL EQUATION TO OBTWMN POSSIBLE
22 C!!! kEFLE(Cr;ON POINTS
23 CALL POLYRT(6,CA,RT)
24 Vk=BTAN2(A iff(WRT ( ).REAL RT( M)
25 S--SOHT((A*COS(VR)-XS(i ))*-2+(R!-S'11(VR)-XS(2))**2)
2c ~ S:S+SORT((XC(l)-A*COS(VW))**2+(XC(2)-P*SINl(VR))**2)
27 LI!DETERMI1NE PHYVSICALLY CORRECT REFLECTION POINTS
286 C!!! (SATISFY LAV, OF REFLECTI30,,:
2'y DO 10 1=2,6

VA VM r6"TA12 (A I M AG(RT, I )RE AL(RT ( I
31 Xk( I)=Av*CQS(VU)

2 XR (2 ) =*S I N(VlI)

-S . SB=(XC(I)-XR(l))*(XC(I-)-XRi(l))+ývXC(2)-XR(2))*(XC(2 _XR(2))
t) SM=SOHT (EMA +SOR f( Ell )

-0 IHS.LE.SA) GD TO 10
*. S= SM

38i Vk=-VM
C .10J C UNTI N 1JE

406 SNV=SIN(VR)
41 CSV=COS(VR)

*42 Xfi( I):A*CSV
di43 XR(2)=l3ASNV

44 SkX=R*CsV
45 SNY=A*S14V
4o SIX=XR(l)-XS(f)47 SYX(2-S2

4b VI(I =XC( I)-'XS( I)
4, VI(2)=XC(2)-XR(2)

bwe SNDs*StNX*VI ( I )'SSNY*VI (2)
51 SNI=SlNX*sIX+SNY*bI Y
52 XR(3h½Aý-D*XS(3)-SNI*XC(3) )/(SND-SNI)

* .51 U11XR(3)
54 VI(3)=Xc(3)-xhl(3)

bo DO 2~ ulHa1. 3
5,1 2o VI U4 )-v I (N )/VJIA

b8 ETUI:N
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i L
RFDFPT

PURPOSE I
To compute the ray path for a source ray which is reflected by

the cylinder and then diffracted by a given edge on a given plate.

PERTINENT GEOMETRY

z£

SOURCE
LOCATION

xi

/ " I
DRX DIFFRACT ION

Figure 93--Illustration of ray reflected from cylinder and
thep diffracted by a plate edge.

FR = A XR(1) + y XR(2) + 'Z XR(3)

X= XD(1) + ^ XD(2) + z XD(3)

I:
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METHOD

I'he reflection point on an elliptic cylinder and the diffraction
point on a plate edge for the reflected-diffracted ray in a given
observation direction is calculated via an iterative process. The
equations are based on a first order Taylor series approximation to
the equations governiwg the laws of reflection and diffraction. The
details of the analysis are given on pages 141-148 of Reference 1.
The iteration process follows the same basic scheme outlined in the
write up for subroutine RFPTCL. The initial start up procedure for
this subroutine is composed of locating the reflection point on the
cylinder for a known diffraction point which is taken to be on the
corners of the plate edge under considerition. The details of this

* procedure are discussed on pages 149-154 of Reference 1.

3

I

i

I
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• L.

FLOW DIAGRAM

RFDFPT (VR,XR,DOTP,SNM,VIM,VI,XD,,ORM.L.

DE,ME,MP,LRDC)

INPUT VARIABLES

MP plate where diffraction occurs
ME edge on plate ME where diffraction occurs

LRVC set true if starting point data from
previous pattern cut is available

DE dot product of diffracted ray direction L
and edge vector of edge HE

OUTPUT VARIABLES
VR elliptical angle defining reflection

point on cylinder (2-0)
XR x,y,z components of reflection point

on cylinder
DOTP test parameter used to determine if re-

flection is leval
SNN normalization constant for cylinder tangent
VIM distance from source to reflection point
VI x,y.z components of unit vector of ray

from source to reflection point
XD xy,z components of diffraction point

location
ORM distance from reflection point to the

diffraction point
OR unit vector of ray from reflection point

to diffraction point
LROC set true if starting point data is avail-

able for next time RFDFPT is called

Note - LROC is used both as input and output variable

Place branch cut behind cylinder

from edge ME I.
Is

starting point data available from -yes-
previous pattern angle

No

Compute starting point (pp. 150-152. Reference I)

Step through corners on

edge ME

Choose which corner to use as
diffraction starting point

"I"

(L

i .....

t( ,•.: • , . .. .. . .... : . :: •.•• ,• - • •.>r• .•••'' " - • 3 5 8. . .



Specify number of steps t
be used in iteration

Specify iteration starting point

Perform IvDP-step iterations to
numerically compute reflection

Q 
and diffraction points

Compute old reflection point.
on cylinder

lest to sez if computed ceflection
and diffraction ront satisfy laws

of reflection and diffraction
0

rroris oo 9. ouble number
If eror i toob~gthe M40130

F foif steps and repeat Iteration .,te~er of steps

half for next tiL'e RFDFPT yet

L~iX-TRUE.Write w~rningft $09es a

F ~ ~Store parmak ? fo sea LROC4.FALSE.

%trI4p-A ett~
Vrw i cle
:1Re
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SYMBOL DICTIONARY 1.
Dc X,Y,Z COMPONENTS OF DIFFRAT•ED RAY PROPAGATION

DIRECTION USED IN ITERATION i
UcP X,Y CU•PONErTS OF PHI POLARIZATION UNIT VECTOR

FOR DIFFRACTED RPY USED III ITERATION
DOCT X,Y,Z COMPONENTS OF THETA POLARIZATION UNIT VECTOR

FO;R DIFFRACIED RAY USED IN ITERATIONbPSR PHI ANGLE INCRE1,1,21T SIZE•
DUN XY,Z COMPONENTS OF RAY DIRECTION BEMTEEN'

REFLECTION AND DIFFRACTION
OllP PARTIAL DERIVATIVE OF DR WITH RESPECT TO P141
DHT PARIIIAL DERIVATIVE OF OR WITH RESPECT TO THETA
DRU PARTIAL DERIVATIVE OF OR WITH RESPECT TO UR
DRV PARTIAL [)ERIVATIVE OF DR WITH RESPECT TO 'R
OTSH THEIA ANGLE INCREMENT SIZE
DU CHAN.GE IN Uk FOR ONE ITERATION USI1NG TAYLOR SERIES EXPANSION
DV CHANGE IN VR FOR ONE ITERATION USIVG TAYLOR SERIES EXPANSIONERC ERRCR DETECIION VARIABLE
FI EQUATION GOVERNING THE LAW OF REFECTION
FP PARTIAL DERIVATIVE OF FI ;WITH RESPECT TO PHI
FT PARIIAL DERIVATIVE OF FI WITH RESPECT TO THETA
FU PAR'IIAL DERIVATIVE OF FI WITH RESPECT TO !'R
FV PARUIAL DERIVATIVE OF Fl 1 ITH RESPECT TO VR
GI EQUATION GOVERNING THE LAN OF REFLECTION'
OP PARI'IAL DERIVATIVE OF GI WITH RESPECT TO PHI
GT PARTIAL DERIVATIVE OF GI WITH RESP-CT TO THETA
GU PARTIAL ')ERIVATIVE OF 01 WITH RESPECT TO UR
Gv PARTIAL DERIVATIVE OF GI WITH RESPCCI TO VR
IVD STORED NUMtBER OF STEPS USED It. ITERATICN
LkDC SET TRUE IF STARTING POINT DATA IS AVAILABLE

FNUM PREVIOUS PAITERN ANGLE
PHC k PHI COMPONENT CFr DIFFRACTED RAY PIRECTIO'l

USED !N TEItATIOtl
PHOR PHI COMPONENI OF DIFFRACTED RAY DIRECTIO'

ROm .)RFVICOJS TIM•I4 RFDFPT WLAS CALLED (OR
PRESENT VALUE FOR NEXT TIMF ROUTINE IS CALLED)

PHCRP PHI ANGLE OF DIFFRACTED RAY DIRECTICI It:
ROTATED RCS SYSTEM. (PRANCH CUT PLACED
ULHIIND CYL)

PilSPl PHI ANGLE" OF I)IFFRACTED RAY DIRECTION IN
kI•a•T4ED RCS SYSIEM ( BRA1CH CUT PLACED REHII'D
CYLI NDER)

SNPX PArdJIAL 'DERIVATIVE OF SIX W•ITH RESPECT . 1 AN•LE VR
SNPy PARfIAL DERIVATIVE OF SNY WITH RESPECT TO ANGLE VP
SNX X COMPONEIT OF NCRMAL TC CYLI.IVER

'lY Y CLUPONENT OF NORMAL TQ CYLINDER
SIP NUtbER OF SIEPS USED IN ITERATION
TIH~k THE'IA COM.'PONENI OF DIFFRACTED RAY DIRECTION

USED IN ITEhATION 5
IuHu THeTA CO'4PONENT (IF DIFFRACTED RAY ')IRECTIO|J FRO1M

PREVIOUS TI'E RFDFPT WSAS CALLED (OR FOR
NJMX' TIME IROUIIIIE IS CALLED)

UR Z CuvPONRENT OF hEFLECTION POINT
L'CATILI WI CYLINDER,

uU SWIOEU L)CORPONENTS VE-NIING Z CC.4POl.ENT OF SlARTIIA OEF.fECTIOQ'
IVINT LOCATIONIS ON CYLINDER

VI XY,Z CUOPON0EITS OF MEIROTIO), OF RAY ICUD)ENT
0?1 CYLZIIIE~q

Vib PAI64IAL ~II:RlVATIVi. OF VI RITII WI5PCCT TO "P
vIv PARTIAI. f•i!HIVATIVL OF VI VITF WESPECT TO ^rGLE VI?
vN ILL ANWI.U Dl)FINII*(; REJLECTIOU

POINI 014 0YLINI)P1h
v|1O .k;'LD 0I. AI`,O.Lk.S JEFINIt" SITATkTIG EFLECTIOfI POIT7 LMZATIO-$s

U(J LYLI.DlEWh
XU X.Y,Z C09PONI'i1S OF D)IFFRACTIton POI;T LOCqTIOI"
Xk X,Y,Z Of'POtb •'!ei iPULECTIO11 POINT

LsJcAlItN ON CYI.Ik'UFR
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CODE LISTING

2 WUbiOUTINE HFDFPT( VR.XRDOTP *SIMV 13,V1, XD, OR, DR,DE, ME, VP
- 2,LHVC)

4 (;!I
b Ci II DETEiNitE' THE RAY PATH FOR 0' REFLECTION FROM4 THE ELLIPTIC
UllI! CYLVIDER THEN DIFFACTIONl FROM A PLATE EDOE

a DIMEN:IUrI DCc3),flCP(2),D)CT(3).V1C3),VIV(3.V1Uc3.,V5D3)
t)IL'.4ENSIL14 XP(3),Xk(3),XRP(3),XRV(3),XRU(3) .XI3(3)

10 DIIrIESICPI V)R(3).D)RU(3),DRVC.3),flRTC3).DRP(3)
II OVIENESIt: IVD)(14,6).PHOUCI4,6),TNORCI4,6).VRO(14,6).URO(14,6)
12 Dl).ESI5IN PHCHNP( 14,6)
I LOGICAL WRC
1; COA.IIONi/GEOPLA/X(14,6.3),V(14,6.3).VP(14,6,3),VN( 14,3)

1o COl-*M0N/!OqIIPF/XS(3),VXS(3.3)
CUPI.0NQ/DIU/D(3 ),THSR,PH-SR. SPHS,CPHS, 5ýTh,CTHS

183 COI:."O!I/GEO!IrEL/A,R, ZC (2 ) aC( 2) ,C$C (2 ) *CTC(2)
I ý, COP,'.!II/Ll.UWCIJVCD( 14,6) ,UD( 14.6)qlCO( 14,6,2)

21 COP'PIC)N/FIS/PI, iPI,DPR,Q~Pfl)
22 1I! PLACt" IWAVCIC CUT BEHIND CYLIIVIER FROM! EDGE
23 pI#sIfrPJ~pYý-pv' 'll lfp, ?IF)
24 II-PVSPk.O3T.Pi I P'4SPRuPIISPR-TPI

15 F(P"SPJ,..LT.-PI) PIHSPROPPSPR+TPI
Zt IL!! 1S STA41VIIG POV'IT DATA AVAILABlLE FROM
2, 1-! IIPREVIUWf PATIL .1 ANGOLE?

: IIi-(L WC I G ( TO 4 0
2'vJ! CWIPU1E "TAR-IING POIrT

"i--P VUI CUERS 04EG I
32L!!I'% (.OUSE LHICIH CCRf!EII TO USE AS STARTING

DU Ja1 .2

If SC.!' --I
A ~ A;SOV~C i.-E'PI)/cI -(CDPjUE*J)*uC0(PIP.UE'Jm)

A" I SOP* A'V(M BCDE (I).,J
4 VAY-!)Q ),AUl*V(JMP,!tE.2)

SAmUAX*UAX*VAY*DAY

SAmwt~iiT(SA I

k,, iPWaIDA:SA
f ~SPOP -OAl/$A

4v CTCP*A.A/Sfl

bI XwC;OP*STCP

'4 IF WV I CU(IP 0 1I)LT~. GO TO 4
I ZAl't IcOf. 0T. I. GO TO 4

.I~J.E.D~I OC TO 4
ur'

c0 JFZci..5 GO To .3
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C o PHC(% (Wp, V )=FTAn2ý(SPb, CPO)
PHUiiP(2P,,.'i E ) =PHOR ( 4AP MIE) -PHV-'RCIP. .ME)
Jr CPffUfiP(?MP ,?l¶E 3T .PI ) PHORP C IP ?'E )P!ORPG( ~P,?I)-TPI

72 Ilp()H(',-.)'F)=TA42(STO,CTO)

V CC E)PI =V c, (-'A P' tC )
7'-) IUi004P, I.E) -UC[) CIP,IIC)

I v CrA(P lE)w .
'ic!! SPJFCIjýY tJUMBFF? OF STEPS INI ITERATION

y STD= IV0( MP .,'i E)
I v ~P =I VU (? lIP. I. E +I
r'PS[?-( P[ SPFk-PfIRP( lIP ,?A1E) )/ýTP

~7SITFS~-T~ORAP~iE))/STIP
tK.(A!!SPECIF~Y STAR~TING~ POINT

l;H!=Yli0(M"P, VE)
cCLA!! ~~O IVDP-STEP ITER1ATIONS TO NUMERICALLY

ci - (!! C01"'P!ITE kEf:FL-riGIj AN!) DIFFRACTION PCIMTS.
UL! !! SýhP THNO1IGUH ANGLES (DEFINING DIF. RAY PROP. DIR.)

Dio l~ I\ ff JIWT

I TlICkTILRT(~kVP,?LE)+( IV-I )*DTSR
CPCs=Cc" (pHiCR)

'I', CTCS=CG5(THC1I)
STC 5= -I f.(THC k)
D)C(lI) (ACýC*scCS
ICU?) SPCS*'ICS

L C (3)=' Cdj

k. [:C; 2~ =C Pi-A ~S CS
1kI Ic ~ C(I PC S*CTC 5

I v2[;C;T( 2) =!TC*CTC5

SANX= i*CSV

h~s' ý'l:PY=A*CSV
Il L.. !!! ColVPUTE OLD liErFLECTION POINT ON CYLVID[ER
Hii Xli(I)=A*CSV
112Xk(2 )=BikSNV

114 X1RV( I)=-A*St.NV
I XkVC2)=L*CSV
I ic. XUv(3)=c.
ii I Xi(LC I )=f~*.*

1I1'7 AlU( .3)= 1

I2~

Iu [U II NI , 3

1 V (M3L)=Xil.-SN

-Is' s:; I NZ I 3

+~i CO Ni~ /NDI( 1)-r 'I) (*I -rrV fl)V XP :
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I 3C! ! F111I) o11? DI)FFIRACTI UN POIN~T.* KNOW ING RAflIAT! O~I
I~, U [)I~iCTI,~AtlD 1O1MNGO CYL[Nr3E! REFLECTION

.3~ C,! H POIN'T CUN5TAPTI
PO 13 U= I, 3

I. XI,(N~)=XP (;I )+SM*COTR3*Ve-P. ME, N)
WPV )=Xrl(N )-XR01e

I I F (IV. E0.I VD'P) GO TO 60'
I'A2 VDLPV=DC F (I *VU.'IP. ME, I ) .r~CP(2 )*VctP, ME. 2)
I' . u DTV-f)C i( IVM ME)* +)T( )*VM,)DT2*(MP, ME. 2) +fCTc3 )*VC MP,.ME.3)
I'' CHUN=( I.-DDV*DDV)**l .5
14 t) CTI3Ps)DPV/ ICF[N
14 ~ CTbUY DI V/ CrDDV

I DO 14 NI=1,3
LDRP(t0=).JMlCTEP*V(ME~

I tpiýCtiiUV =0.
151 CrVV=O.

15'. CRVR=1.'

I!t)s DO I t 11=i .3
11)oCdUV--CRLJV+XRWU( N) *V (.'4P,.NE .N)
i~7 CkVV=CRýV+XRV(V) *V (YP,?'AE.N)

5915 C R V Ii-C RV F +X RV(N *X R(N'-XV'P , ME N))
I t L; CC U=C R I JV+ I-OT R(C R II P-C RUV * P VSY

lot CCV=Cis'VV +COTS* (CRV R-CRVV *PV)/S,'/
lo2 DO 16 rJ= I ,3
I C, ; DU (Nl)=CCU *V (?!P, MEN)-XRU (N)

lo5 L!! PERFOR~M TAYLCI? SENIES EXPANSIO1F TO nEFiNE nV AND rDI?
Iuo FVz(StjP>X*Vl(I)+S.'.X*VIV(l)+SNPY*VI1(2)+SNIY*VTX'(2))*

16, 2 (SNX*UPR(2) -StIY*DR( I)
108 ~FV=FV.(ýtNPX*L)R(2)+SNX*Df?VC2)-StIPY*rDR(I )-SNY*rORV(l))*

1 0s1 2(SI;X*VI(I)+SIJY*VI(2))
I c FV=FV.(ýVPX*VI (2 ).SNX*VIV(2)-SHPY*VI (I )-SNY*VIV( I))

11 2. (SI,ýX*fR( I )+SIJY*rPR(2))
1 2 F'V=FV.(&?'PX*Ih( I ).$NX*DRV( I )+SNPY*nR (2 )+SNY*rDRV(2))

I (JSIJX*VI(2)-Sl4Y*VI(I))
1 74 FU-( SN'X*Da2 )-StIY*ilPd I ))*(SHX*VIUc I).SNY*VIU(2 ))+
1-15 2(SllXkrf)N +SIY*DR(2) )*(StlX*VIU(2 -SNY*VIU(I ) )

I i~~U=FlJ+(5NX*V I ( I ) StY*VI()1 (SX*(2) SXR(2 )- SNY*rDi.~tJI() )+
15 2 (S14X *L)LI ) + tlY* D RU ( 2)*SlX*V I (2) -SfY *V I( I)
17,3 GV *[)it(3 ) ( SN~P X *VII )+St.'X*V IV( I ) +SNPY*VI ( 2 ) + SY*V I V(2)
I 'I , U;V=3v+VI(3 )* (SMPX*Dkl~ I).SNX*DRV(l ))+SflPY*DR(2 ),SrIY*nRV(2))

ljý; 3V = V +1)1 -V ( -- ) *( SitX* VI ( I ) +Si:Y*V 1 (2 )).V IV (3 )*(SNX *0R ( I ) +SY *r)R (2)
I (-I U =0f,( 3 ) * (5'X* VIU(ItJ) S' Y *V I U(2 )'+V IU(3 ) *(S1X *D)R Ci) stiy*Dr,( 2) )

I 12 Gu=G;U*h U (3) * (SNX*V I (I)+ S11Y*VI1(2:) ) V I(3)*(S!J X*D1W( I ) SNY*DRUC(2)
lb, i-P= (S X-# V I (I)+SNY*V 1(2 )) *(SNX*DRP(2) -St'Y*DRP I +)
Id; 2 ( StXA 1(2) -VIY*V I (I ))* (S~X*DRP (I )+SN Y*rRP(2 )

I U 11 FTw(SEIJX*V ( I ).SNY*V1 (2 ))*(St[X*rlRT(2)-S11IY*DRT( I ))*
Ibo 2(SIIX*VI (2)-St:Y*Vl(I ))*(StIX*flRTC I )SNY~flpT( 2)
Ib/ (;P=V I(3)*(SUjX*nRP( I).S!]Y*CORP(2 ))4-{)RP(3 )*(SIJX*V1 ( I)+St4Y*VI (2))
lbb (;T.D~r?T(.)*(SNX*VI( !)+S!lY*V1(2))+VI(3)*(SNIX*DRT(I ).SqNy*fRT(2))

Iwo iFtu(S,:JX;V (I )3+SU'Y*VT (2))*( PNX*DR?(2 )-SNY*rRC I ))+

hI (ý1_04(3)*Ur'X)*VI ( I).StY*VI(2 ))+VIC3)*( etyx*nR( I)+S?'Y*r)R(2
h1,2 fN- r=Ftj*(.V-FV*GUu

1 ý,J 1V U7 (I,%GlJ-GI *:U ) +(GU* FP F*p*flPSR+( rU*FT-FU*CT) *fTSP) /DFT
1a D, .*U=( (C! AtV-F O(V)+{FV*GP-(A*FP)*DPSR+(FV*GT-rV*FT)*r)TSR)/rDETi
I S'!5 C!! I I Cu:PVTU RE.' IdFLECTION POINT 0f! CYLPIDER

I V , a VIv 1+

363



2L C!!N TESýT 10 ýEE It; CUVPUTED SCtTTER POINTS SATISFY
21LI I! LANS 01- PEFLECTION AND [JIFFRACTIC11I

SL So I? )T ( 5S11X * 5N X+S 11*5N'lY.

V=~

V I -=vI m+V I (1;)*V 1 (14
2 I WHV N i)DPV+1DP Qil) *V0( P.MIE, N)

2 1 l'- PcM =PI ¶it~ '.I + D: I N
12 v. U:= VO~ (1:!

2114 N=O I =l.

I1 c ~ 13. ;(IT)=Dh N)/DI14
2 I L:DlV=DlkV/DptI

k1 FtCb=ABý CODV-DDWy)
21 ~ f.A1)SNX%*DR( I ).SNY*LDR(2)

22( 5i:ADC=S1`;X*V I ( I ) +SNY*VI1 (2)
1-22 I L-C=5HAP+fl+5AW)
221 Ut,*P=. 5A( SHAD- 511ADC

223 FIHCA=Ar3ý (PIMC

1 f-. (HLaGT. E PC ) ;C=ERC B
22c 0 L! it Ir E-koh 1S VEVY SMALL, DIVIDE f.t',1!EP OF STFPS
.22 L!! INl HALF F01i IýIiXT TI.ME ROUTINE IS CALL.FD

2; ý(E(.LL.o CO0 TO -13
221, CU! IF EtdOk IS TOO BIG0, DOUPLE NIJMPFR OF STEPS

23.L!! (UP TO 32) AM REPEAT ITEPATIO?:
231IF(IVI).(,-PP.?E,),,GE.32) GO TO 7V~

I IVI( M1P, A E) =2 *1 V0)CUP, PE)
23.3 G~o TO 4k,~

I)PHS4I,ThR IPE.VR, (R. ERCA, ERC8
t -CIWt-AT(,' EIRiCH 1N RFrFPTh ",.2F12.6,215,4FI2.6)

2.> - CUNTINJUE
241,CCEC~~' CPO3 TO 90

242 IVD(IA.PPE-)-iVI)(l.¶P,l.'E)/2
24 3 ý, CONTINUE
'- -,,- (! ! ! STOdE PA AMETER~S FOR N1EXT TIM~E RFDFPT 15 CALLED

2-. U l-.Oi? "A, ~E) =PIIS

ItC .!:*OT.LRD)C) IVD(I¶P,?!E)-l
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j RFPCrCL
PURPOSE

To calculate the reflection point on the elliptic cylinder for
a source ray reflected in a given direction. The routine also
computes cylinder reflection points for source rays that are re-
flected by a given plate and then reflected by the cylinder.

PERTINENT GEONETRY

y

SOURcE

k---REFLECTION POINT

iXRIA

Figure 94-- Illustration of cylinder reflection point.

I x~ six + ý Sly

a'xSNX + y say

x • A cos VR * y 8 %in VR
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PHPR
Y ,PHS

REFLECTION POINT

A kA ADI 0. D

Figure 95-- Geometry for calculaiing reflection point.

D = DX + y DY
AADP = DPX + y DPY

SN = x SNX + y SNY

SNP = x SNPX + 9 SNPY

I SIX + A SIy

SI-P = SIPX + y SIPY

XRI = reflection^point for ray with reflected phi. angle PHPR
= x A CSV + y B SNV
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I

Figure 96--lilustration of iterative method used in computing
the cylinder reflection point.

METHOD

The reflection point For a ray reflected in a direction de-
fined by the phi angle PHSR is calculated via an iterative process.
The routine starts with the tangent ray nearest to the reflected
ray direction (or other nearby reflected r~y whose reflection
point is known) and steps along the cylinder surface, calculating
the approximate reflection point for each reflected ray phi angle
PHPR (which is stepped from PHOR to PHSR in evenly spaced steps).
Each reflection point calculation uses the previous reflection
point as a reference. As long as the steps are sufficiently
small, the aprroximation is accurate. The equations are based
on a first order Taylor series approximation of the equation gov-
erning the laws of reflection. Further details are given on pages
102-104 of Reference 1. The point obtained at the end of the
process is the estimated reflection point. The routine then takes
the sum of dot products of the cylinder normal and the incident

367

I



and reflected rays (which should be zero in order to satisfy the
law of reflection). If it is larger than some minimal amount,
the number of steps used to iterate angle PHPR is doubled and
the calculation is done again. If the error is much smaller than
necessary, the number of steps used in the next calculation is
divided by two.

Once a reflection point is calculated for a particular geometry.
the elliptical angle defining the reflection point (VRO(MR)) is
saved, along with the number of steps used to calculate it (IVD(MR))
for the next time RFPTCL is called for the same geometryo Since
the next pattern angle is likely to be quite close to the previous
one, this gives the computer a good starting point in defining
the next reflection point, hence minimizing computer time. LRFC
is a logical variable which if true tells the user that there
is data from the previous pattern angle available to compute the
next reflection point. If a reflection does not occur, LRFC is
set false, and the next time the routine is called, it will start
at the nearest tangent point.
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ii FLOW DIAGRAM

RFPTCL (PHSR,MP,VR,DOTP,DD,S.LRFC)

INPUT VARIABLES
PHSR phi component of reflected ray

propagation direction in RCS

MP used to specify source or source image:
MP=O indicates source
M-PO indicates source image for

reflection frcn plate NP
LRFC set true if reflection occurred last time

subroutine RFPTCL was called

OUTPUT VARIABLES

VR elliptical angle defining 2-d reflection
point in ERCS

OOTP (f.n-i-n)/2 (error detection variable)
DC normalizat n constant for ?, the

r'flection poir- iormal
S distance from source to reflection point

in x-y plane
I LRFC seZ true to indicate presence of stored

starting point data for next timeRFPTCL iý called

Note: LRFC is used b'th to input and output data

4 e- z pcify source ,ocat

Specify sou'ce vectors tangent

to cylinder and elI. anglesdefining tansent points

I.I
A{

Compute angles and specify which tangent< vector is closest to the reflected ray

propagation direction. PH-OP(MR) definesS~nearest tan v,-,tor, VRO(M.R) defines
correspondir; tan point In YRCS

Coputef starting pointI

I' 36
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Perform IV() stpnnrical calculations to
approximate ell. angle YR defining the
reflection point in ERCS (see Figure 96)

step through angl]es

(variable.PHPR)

Approximate new angle VR,using value
obtained for previous value of PHPR
Calculated as a reference. (The

last time through this loop PHPR-PHSR
and ell. angle YR then defines the
approximiate reflection point fogr
ray propagating in direction D

Check accu'racy of reflection point angle calculated

Compute error function ERC, the sumf of
dot products of reflection point unit
normal and the incident and reflected

* ray unit vec~tqrs
ERC - O4+i-n

Yes s

No

IVO(R)-3 (maimum NoOouhlz wnumer of steps

nube o tes? VOM370ID(R



LI

Dividg number of steps by 2
for nxt time routine is calledIVO(MR)-Jj IVO(MR)

(IVDU(M > 1)

Store reflection parameters
for next time RFPTCL is called

3.

I

I

I
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SYMBOL DICTIONARY

CPP COSINE OF PHPR
CPS COSINE OF PHSR
csv COSINE OF VR
DD NORMALIZATION CONSTANT FOR REFL POINT NORMAL VECTOR
DOTP ONE HALF THE DIFFERENCE BETWEEN THE DOT PRODUCTS

OF THE REFLECTED RAY DIRECTION AND CYLINDER UNIT
NORMAL AND THE INCIDENT RAY DIRECTION AND CYLINDER
UNIT NORMAL

DPXJ X AND Y COMPONENTS PF PARTIAL DERIVATIVE OF REFLECTED RAY
DPY DIRECTION WITH RESPECT TO PHI OBSERVATION ANGLE
DR DOT PRODUCT OF INC RAY UNIT VECTOR AND CYL UNIT NORMAL
OS DOT PRODUCT OF REFLECTED RAY PROPAGATION DIRECTION

UNIT VECTOR AND CYLINDER UNIT NORMAL
DSPR SIZE OF ANGLE STEP USED IN ITERATION
DV CHANGE IN ANGLE VR
DX X AND Y COMPONENTS OF UNIT VECTOR OF REFLECTED RAY
DY (DIRECTION DEFINED BY ANGLE PHPR) IN RCS
DVB PARTIAL DERIVATIVE OF THE REFLECTION LAW EOUATION

(FI) WITH RESPECI TO ELL ANGLE V
DVT PARTIAL DERIVATIVE OF THE REFLECTION LAW EOUATION

(FI) WITH RESPECT TO THE PHI ANGLE OF THE
OBSERVATION DIRECTION

ERC ERROR PARAMETER (SUM OF DS AND DR)
ERCA ABSOLUTE VALUE OF ERC
EROS (NO1 A VARIABLE) ABBREVIATION FOR ELLIPTICAL REFERENCE

COORDINATE SYSTEM
FI EQUATION SATISFYING THE LAW OF REFLECTION
IVD NUMbER OF IiERATIONS UW0D TO FIND REFL POINT THE

LAST TIME RFPTCL WAS CALLED FOR PLATE MP
IVD9 NUMEER OF STEPS USED IN ITERATION
LRFC (ENTERING ROUTINE) SET TRUE IF REFL OCCURED LAST TIME

REFCYL WAS CALLED. (LRFC ALWAYS SET TRUE LEAVING ROUTINE)
MP USED TO SPECIFY N{ETHER SOURCE OR SOURCE IMAGE IS USED

MPt(o DESIGNATES SOURCE
o MP>o DESIGNATES SOURCE IMAGE FOR REFLECTION FROM PLATE MP
MR INDEX VARIAbLE (MP+MPRX+I) FOR STORING DATA FOR NEXTCALL TO RFPTCL
PHE PHI ANGLE BETWEEN REFLECTED RAY DIRECTION AND TANGENT

POINT #2
PHEP PHI ANGLE BETWEEN REFLEqTED RAY DIRECTION AND

TANGENT POINT #1
PHIR PHI COMPONENT OF SOURCE LOCATION IN RCS
PHOR REFLECTED RAY PHI ANGLE (STORED AS STARTING POINT

PARAMETER FOR NEXT TIME ROUTINE IS CALLED)
PHORJ PHI ANGLE DEFINING RAY TANGENT TO TAN POINT I
PHORP PHI ANGLE OF CYLINDER REFLECTED RAY DIRECTION IN

ROTATED RCS SYSTEM
PHPR REFLECTED RAY PHI ANGLE (ITERATED FROM PHOR TO PHSR)
PHSPR PHI ANGLE DEFINING REFLECTED RAY DIRECTION IN

ROTATED RCS
PHSR PHI COMPONENT OF REFLECTED RAY PROPAGATION

DIRECTION IN RCS
S DISIANCE FROM SOURCE TO REFL POINT IN X-Y PLANE
SIPX X AND Y COMPONENTS OF PARTIAL DERIVATIVE OF INCIDENT
SIPY RAY VECTOR ViITH RESPECT TO ELL ANGLE V
SIX X AND Y COMPONENTS OF INCIDENT RAY PROP VECTOR
SIl IN RCS (NOT CONSISTANTLY NORMALIZED)
SNPX X AND Y COMPONENTS OF PARTIAL DERIVATIVE OF CYLINDER
SNPY NORMAL AT REFLECTInN POINT WITH RESPECT TO ELL ANGLE V
SNV SINE OF VR
SNX X AND Y COMPONENTS OF RAY NORMAL TO CYL REFL POINT
SNY IN RCS (NOT CONSISTANTLY NORMALIZED)
SPP SINE OF PHPR
SPS SINE OF PHSR
STP NUlAbER OF STEPS USED IN ITERATION
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I;
I

Vl ELL. ANGLi- DEFINING REFL POI,',IT INl ERCS
Vl'o ELL ANGLES DEFINING TANGENT POINTS FOR SCURCE RAY (OR

SOURCE RAY REFLECTED FROM, PLATE) TiNGENT TO CYLINDER
;(IS SOURCE LOCATION

* 3
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CODE LISTING

2 SUB3ROUTINE RFPTCL(PHSR,MP,VR,DOTP,DDS,LRFC)

4 Ct!! [)ETERMINES REFLECTION POINT ON AN ELL7PTIC CYLINDER

LOUICAL LRFC,LGRNV
DIMENSION IVD(29),PHOR(29).VRO(29) ,XIS(3),PHORP( 29)

8 COhýMON4/GEOMEL/A, B,ZC (2), SNC(2),CN4C(2 ) CTC(2)
y ýO6VMON/EORINl5/XS(3).VXS(3,3)
IV COhiAON/GEOPLA/X( 14 ,6.3 ),V( 14 .6,3), VP(14, 6,3) ,VN( 14.3

d I 2 ,MEP( 14) ,APX
12 CUIAMON/IMAINIF/XI(4,14,3),VXI(3,3,14)

413 CUI!MON/PIS/PI,TPI ,DPR.RPD)
14 COkýMONl/ENDSCL/DTS,VTS(2) ,BTS(4)
15 COM:'.¶ON/E~NtICL/DTI(14),VTI(14,2),BTI(14,4)
10 COAMN~i/GROUND/LGIRNI, MAPXR

I Mk=tAP+MPXR+1
18 SPS=SIN(PlHSR)

l CPS=COS(PHSR)
2k;L!!! SPECIFY SOURCE LOCATION
21 IF C;MP.GjT.0) 0O TO 11
22 r' ) 0 Il= 1f. 3

2,, PHiIR=8TAN2(XS(2).XS(I))
2'L 00 TO 15

2oII CONTINUE
27 DO 12 N=1.3
28 12 XIS(N)=XI(1!P,MP,N)

*29i PHlk=BTAN2(XIMP.MP.2),XI(MP.MP.1))
30 Ib CONTINUE

P~ PHSPR=PhSR-PHIR
32 IF(PHS5Pk.GT.Pi) PHSPRxPHSPR-TPI
33 IF(PHSPki.LT.-PI) PHSPR=PHSPR+TPI

I'34 L!!! WAS REFLECTION PRESENT LAST TIME REFCYL WAS CALLSED?
Jo IVC(MR)=I

J~C!!! SPECIF~Y TANGENT VECTORS
IF(lMP.GT*.0) GO TO 20~

.3 ý PiOk(01R) =BTAN2 (BTS (4), BTS(S)
40 VRO(MR)=ývTS(2)

I. PHO0RB=BTAN2( BTS(2) ,BTS( I )
Q. 00 TO25
43 2k CONTIN4UE

44 PHOR (MR )=BTAN2 (BTI (lAP,4) ,BTI (MP, 3 )
4.5 VkO(Mk)zVTI(lAP,2)
'.6 PHORBBTAN2(FýTI (1P,2 ),BT1(M.P;1)
'.1 45 CONTINUE
48 C!!! COMPOTE ANGLES AND SPECIFY WHICH TAN VECTOR IS CLOSER
4So!! TO THE I'EFL PROPAGATION DIRECTION
5u PHOkP(.ki)uPHOIk(MR)-Pl{IR
bi IF(PHiORP(IAR).GT.PI) Pf{ORP(MR)uPHORP(MIRd-TPI
!b2 IF(PHORPC?.R).LT.-PI) PHORP(MR)rnPHORP(hVR)+TPI

t 1 PHORNP=PH(;[?B-PHI R
54 I)-(PHORLP.GT.PI) PHORBPoPIIQRBP-TPI

IFCPHORLP.LT.-PI) PHORIBPoPHORBP*TPI
tu PH E mA B S (PI SPR- PI IOR P(I"R)
bi PHEPwARS(PHSP,*-PIIORfPP)

t IF(PVEP.CEPII-) GO TO 40~
b, PIioll (1-1k) xRI1ORis
ou PHROFP 1 =H~

VRO(!(Ik)-VTS( 1)

lt.!! I4CIl.IEJFT ANG.LE PNHPR FROM THE CYL TAN ANGLE PHOR TO
04 C!!! PkUP. AtOLiT PHSR IN IVD(MR) STEPS ANn CALCut.ATF APPROX.
ctb .! !! VII (lHE rLL. ANIGLE DEFINING DIE REFL POINT) FOR EACH
Lo C!!! ANGLE P14PR UITIIý. HPRuPHSR AND) APPROX Va FOR REFL POINT
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61~ CU! IN DESIRED PROP. DIRECTION IS OBTAINED.
08 140 STP=IVD(MR)
0'9 OPSR=(PHSPR-PHORP(1AR))/STP
70 VR=V[?O(MR)
ifH IVDM=IVD(Mk)
72 L,! STEP THRU ANGLES

DO 50i IV=I,IVDM
14PHPR=PHGR(MR)+(IV-l )*DPSR

75 CPP=COS(PHPR)
7o SPP=SIllCPHPR)

if DX-CPP
78 DY=SPP
ly9 DPX=-SPP

Wt DPY=CPP
81 CSV=COS(VR)

b2 SNV=SIN(VR)
'. SNX=B*CSV

84 SNY=A*SNV
b5 SIX=A*CSV-XIS( I)
86 SIY=B*SNV-XIS(2)
87 SNPX~-B*SNV
b fj3 SNPY=A*CSV

e9 SIPX=-A*SNV
',0 SIPY=B*CSV
cl FI=(SNX*SIX+SNY*SIY)*(SNv,*DY-SNY*DX)+
12 2CSNX*DX+SNY*OY)*(SNX*SIY-SI!Y*SIX)

93 DVT=(SNX*SIX+SNY*SIY)*(SNX*DPY-SNY*DPX)
ýA DVT-DVT,(SNX*DPX.SNY*DPY)*(SNX*SIY-SNY*SIX)
9ý DVBz(SNPX*SIX+SNX*SIPX+SNPY*SIY+SNY*SIPY)*
So 2( SNX*DY-SNY*DX)

v, I DVB=IrwB+(SNPX*Sl Y+SNX*SI PYSNPY*SI X-SrlY*SIPX)*
S183 ?(SNX*DX+SNY*DY)t
Yr9 DVB=DVB4(SNX*SIX+SNY*SIY)*(SNIPX*DY-SNPY*DX)
I ko DVB-DVB+CSNPX*DX+SNPY*DY )*(SNX*SIY-SNIY*SIX)
~101 I I V--(FI.DVT*DPSR)/DVS
1C.2 C!!! APPROXIMATE ANGLE VR FOR THE REFL POINT IN DIRECTION PHPR
Il'3 VR=VR*DV
1k'. ýk CONl I NUE
lc5 C!!! CHECK ACCURACY OF REFLECTION POINT ANGLE CALCULATED
lk~o CSVsCOS(VR)

I SNV=SIfl(VR)
108 stlx=B*CSV

lcl~l SNY=A*SNV
110 UD-SQHT(FNX*SNX+SlY*SNY)
liI SNX=SNX/OD
112 SNiY=SNY/DD
113 SIX-A*Cý'V-XIE( I)
114 SIY=8*SNV-XIý(2)
115 S=SQRT(SIX*SIXSIY*SIY)
116 SIX=sIX/s
117 SIYMSIY/S
11S C!!I! CALCULATE THE ERROR FUNCTION ERC, THE SUM OF nOT
ll', LII! PRODUCTS OF INCIDENT AND REFLECTED UNIT VECTORS AND
12 0 C11! CYLINDERi UN11 NORMAL (SH(XLn BE CLOSE TO ZERO)
i21 DS-SNX*CPSSNY*SPS
Iý2 DkwbN)X.!IX.SNY*SIY
123 DOTPn.S*(OS-DR)
124 EUCuDS*I)R
12!) ERCAmAD(SENC)

*12o L!I! IF EfikWoi IS NOT SUFFICIENTLY SMIALL. DOIISLE NUMBER OF STEPS
12'1 L!!! (UP TO -^2) AND RECALCUL.ATE VR
I ;z$ I r- (HLA. t.Ur.o~ow) GO TO 80
"Y.A L11! D?- MAX tUIAPER4 Wi STFPS ALREADY REACHED. PRINT WARNING

It-IVUMH)CE.21GO TO 70~

l(2 *0I1U 4#j
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1..M CUNLINUL
134 WRITE(0J,) ERC.VRPHSR
13t) I FORMAT(P ERROR IN RFPTCL- 1,.3F 12.6)
130 bI[ CONTINUE
1*3i CIII It- E~i~k0I IS VERY SmALL, DIVIDE NUMBER OF ITERATION
I3b C11! STEPS USED IN HALF FOR NEXT TIME ROUTINE IS CALLEn
13Y' IF(ERCA.GE.0.0000) GO TO 90
1410 IFCIVD(YR).E0.i) GO TO 90
141 IVD(MR)=IVD(MR)/2
14.2 $,O CONTINUE
143 VRO(MR)zvtl
14.4 PHOR(:AI)-PHSR
W45 PHORP(Mkf).zDHSPR
140 IF(.NOT.LRFC) IVD(UR)nlI
147 LHFC:.TkUE.

110 RETURN
14, END
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ROTRAN

PURPOSE

"To transform a point or vector defined in the old reference co-
ordinate system to the new (cylinder-centered) reference coordinate
system representation. This is used in the main program to perform
the reference coordinate system transformation.

"PERTINENT GEOMETRY

, ~ZOL.O

".,,,POINT TO BE
TRANSFORMED

NEW COORDINATE
"-0---SYSTEM ORIGIN AND

y AXES

OLD COORDINATE SYSTEMORIGIN AND AXES

;t . XOLD

Figure 97-- Illustration of old and new refererc-c
coordinate systems.

x x old XX(1) + ;old XX(2) + -old XX(3)
"I XUT(1) y j XRT(2) * • XRT(3)

x
METHOD

The point x defined in the old coordinate system may be repre-
K

sented by point Yt in the new cooridnate system uAere:
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7rt [= [ 17i. where .- 7

or

[XRT(1) XCL(1) XCL(2) XCL(3) XX(1) -XO(1)

XRT(3) ZCL(1) ZCL(2) ZCL(3) lXX(3) XO(3)

where _ is the location of the nRw coordinate system origin defined
in the 81d coordinate system and x, y, z are unit vectors defining
the new coordinate system axes in old coordinate system coowents:

0' d XCL(1) + old XCL(2) + Zold XCL(3)

Y = Xold YCL(1) + Yold YCL(2) + 'old YCL(3)

Z = xo ZCL() + ^old ZCL(2) + told ZCL(3).

FLOW DIAGN

ito+utmI ti7r11.pj

tt 00 oa,% toc~

TC1#O4 iafi Wf~w a Lik old

I I .
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SYMm OL CT1ONARY

XT XY.Y AND) Z CO1APO?!EflS OF POINT LOCATION AFTER~ TRA-ISLATP1Q
OLD) COO2RDH.ATE SISTEM CGRIGIN TO POINIT X0)

WOE LIS NlG

SmtW:EH WICMAMMF.XU.10)

L~ ý I tMWAEfAUSSLATIC14 'Ll ROTATIONt XO IS THE
SL t Ph.N UktClUI XL.I-YCL.ZtIL DEFINE TK! NE1 AXES.

DIIE?~SCN X).X(31,XO(3,XTC)

lk* t CCLJ/LEUCk)
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RPLDPL

PURPOSE

To calculate the far-zone electric field (with phase referred to
the RCS origin) for a source ray that reflects off plate MR and is
then diffracted off edge ME of plate MP.

PERTINENT GEOMETRY

A
D

DIFFRACTION
7 1POINT

SOURCE VP
LOCATION mp,e

xs A

V1

VJ EDGE ME PLATE MP

,-\
/ \ P PLATE MR

/ REFLECTION

POINT/
/

/

'"SOURCE IMAGE
LOCATION XIS

Figure 98--Illustration of a ray reflected by a plate and then
diffracted by a plate edge.
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METHOD

The field reflected by a plate and then diffracted by another
plate edge is calculated in this subroutine [4,9,10]. The field
reflected from the plate is found using image thoery. The diffracted
and slope diffracted fields of the plate edges and corners are ob-
tained as described in subroutine DIFPLT. Th- diffracted edge and
slope fields are combined and the phase is referred to the reference

-' A

coordinate system origin by the factor eJkD'-. The form of the
field is therefore given by

ejkR
rd Wm(EDTH§ + EDPH4) "

The corner and slope corner diffracted fields are combined in a"similar way and are given by

Ec Wm(ECTH0 + ECPH4)"k

where the facto and the source (W.) weight are added elsewhereS~in the code.
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L

FLOW DIAGRAI I
RPLDPL (EOTH.EDPH,ECTH,ECPHFNN,ME.MP.MR) I.

INPUT VARIABLES
FNN wedge angle indicator
ME edge on plate MP where diffraction occurs
MP plate where diffraction occursMR plate where reflection occurs

OUTPUT VARIABLES
EDTH theta component of edge diffracted E field
EDPH phi component of edge diffracted E field
ECTH theta component of corner diffracted E i1eld
ECPH phi component of corner diffracted E field

1. Specify single reflection source image location h

2. Perform diffraction point geometry calculations

Determine permissible range
for diffraction angle

Determine
if diffraction No

exists

Yes

Compute edge diffraction ponln
and incident ray unit vector Vl

Is diffraction point on edge ME?
If not, set at appropriate
corner and set LDIF false

II

3. Check to see if ray is Shadowed

No;
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. ref lection from plate IM No

Yla e so yidrbfr e

nplt Pnongreflected rr7bt ay dith retn

~~~plate or a cylinder bfr

reflerction?

No

4. Compulte din rcioent rany e p nropa lateon di gction

onp ateMnd wn diffra cted phi d anglen

incident ray dfromsucehte r y e

aCplate ora cylinderiZ

be m

! I~



5.Compute diffracted fields

COP~ute scurce Pattern factor

COM1pute Comonents of irncident fielPerPendicular andPaaetohedg

if Slope diffraction IS desired cptInCident Slope field Pa ttrn IFacptr

Co~ute phase term

C*0Pute edge diffracc ion coeffiiet

Does
edg# diffraction exist? 4jo

EDTH*D
EDPH.O

IsI

3M4



6. Calculate C !nr diffracted fields

cofiient (CORN)

Compute modified edge diffraction
coefficients (OH,DS)

Compute Comwponents of diffracted fieldPerpendicular and parallel to the edge.Also refer phase to RCS origin

Comute theta And phi ca'ponents
'Of diffracted field

Coptioatht adPicmoet

(frbt ones fcrerdfrce

field 3in5eeec codntSYtm(CTICH
EC H.



i.1.

SYMBOL DICTIONARYL
ADN DOT PRODUCT OF VECTOR FROM PLATE MP TO THE SOURCE IMAGE AND THE

PLAIE UNIT NORMAL
AFN OVEDUE ANGLE NUMBER
BUEL VARIABLE USED 10 EXPAND DIFFRACTION ANGLE RANGE IF CORNER

DIFFRACTION IS USED
HDHI UPPER LIMIT FOR ED, THg COSINE OF THE DIFFRACTION ANGLE BETA
BDLL•¶ LOWER LIMIT FOR BD. THE COSINE OF THE DIFFRACTION ANGLE BETA
BETN DIFFERENCE IN DIFFRACTED AND INCIDENT PHI ANGLES
BEIP SUM OF DIFFhACTED AND INCIDENT PHI ANGLES
80 DIFFRACTED FIELD BETA POLARIZATION UNIT VECTOR IN DIFFRACTION

EDGE COORDINATE SYSTEM (IN X,Y,Z RCS COMPONENTS)
BOP INCIDENT FIELD bETA POLARIZATION UNIT VECTOR IN DIFFRACTION

EDGE COORDINATE SYSTEM (IN X,YZ RCS COMPONENTS)
BRD LOWER AND UPPER LIMIT FOR EDGE DIFFRACTION ANGLE

BRU( I )-COS(ELOr)
b1D(2),COS(EHIGH)

"CNP COSINE OF HALF hEDGE ANGLE "
CORN CORNER DIFFhACTION COEFFICIENT
CPh COSINE GF PSR
CPHJ COSINE OF PHJR
CPH(. CuSINE OF PSOR 9.
CTH COSINE OF TFR
CTHJ COSINE OF THJR
CTHP COSINE OF THPR
DEL PAkAMETER USED IN TRANSITION FUNCTION
OH DIFFRACTION COEF. FOR HARD BOUNDARY CONDITION
DHIR DISTANCE FRCM REFLECTION POINT TO DIFFRACTION POINT
DHI0I DISTANCE FROk SOURCE TO REFLECTION POINT (FROM PLAINT)
DHT DISIANCE FROM SOURCE TO HIT (FROM PLAINT AND CYLINT)
DIN EDGE DIFFRACTION COEFFICIENT (FROM SUB. DI) FOR INCIDENT

DIFFRACTED FIELD
DIP EDGE DIFFRACTION COEFFICIENT (FROM SUB. DI) FOR REFLECTED

DIFFRACTED FIELD
DPH SLOPE DIFFRACTION COEFFICIENT FOR HARD BOUNDARY CONDITIONI
DPS SLOPE DIFFRACTION COEFFICIENT FOR Sr BOUNDARY CONDITION
DS DIFFRACTION COEF. FOR SOFT BOUNDAR% CONDITION
Dv DOT PRODUCT OF EDGE UNIT VECTOR AND DIFFRACTED RAY

PROPAGATION DIRECTION UNIT VECTOR
ECPH PHI COMPONENT OF CORNER DIFFRACTED E-FIELD
ECTH THETA COMPONENT OF CORNER DIFFRACTED E-FIELD
EDPH PHI COMPONENT OF EDGE DIFFRACTED E-FIELD
EDPL COMPONENT OF DIFFRlACTED FIELD PARALLEL TO THE EDGE
EDPR COMPONENT OF DIFFRACTED FIELD PERPENDICULAR TO THE EDGE
ED'IH THElA COMPONEN't OF EDGE DIFFRACTED E-FIELD
El THETA COt4PONENT OF CORNER DIFFRACTED E-FIELD IN RCS
EG PHI COMPONENT OF CCRNER DIFFRACTED E-FIELP IN RCS
EIPL Ct9PCNENT OF INCIDENT FIELD PARALLEL TO THE EDGE
EIPLP PATTEkN FACIOR FCO COMPONENT OF INCIDENT SLOPE FIELD

PARALLEL TO "THE EDGE
ElMP COUPONENT OF INCIDENT FIELD PERPENDICULAR TO THE EDGE
EIPkP PAraEkN FACIOR FOR COMPONENT OF INCIDENT SLOPE FIELD

PERPENDICULAR TO THE EDGE
EIx
Etl SoUkCE PATTERN FACTORS FOR X,Y', AND Z COMPONENTS OF INCIItNT
EIZ E FIELD
EXPH tOPLI.EX PHASE TERM (REFER PHASE TO RCS. ORIGIN)
FN kEDGE ANGLE NUMBER
INN WE.GE ANGLE INDICATOR
F•P ANGLE EXTERICR TO KEDGE IN DEOREFS
GAIk DOT PRODUCT OF THE DOi RAY DIRECTION AIM) THE VECTOR FROM

THE kEF COOlD SIS OWIGIN TO THE DIFFRACTION POINT
Isla SIWh CHANGE VARIABLF-J INDEX VARIAELE

LHI SEI IN1.5 IF RAY WlfS A PLATE OR CYLINDER (FROM PLAINT OR CYMINT)
tc INDEX VARtIALE USED TO 57EP THRU CORNERSI
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ME EDGE- ON PLATE NP WHERE DIFFRACTION OCCURS
MEC CORFER AT END OF EDGE ME
MP PLATE FOR WHICH DIFFRACTION OCCURS
MR PLAIE WHERE REFLECTION OCCURS
N DO LOOP VARIABLE
NI Du LGOOP VRIABLE
NJ DO LOOP VARIABLE
PD DOT PRODUCT OF DIF EDGE BINORRAL AND DIF RAY PROPAGATION

DI RECTION
PH DIFFRACTED FIELD PHI POLARIZATION UNIT VECTOR IN DIFFRACTION

EDGE-FIYED CCORDINATE SYSTEM (IN X.Y,Z RCS COMPONENTS)
PHIR PHI COMPONENI OF REFL RAY PROPAGATION DIRECTION IN REF COORD SYS.
PHJR PHI COMPONENT OF INCIDENT (SOURCE) RAY PROPAGATION DIRECTION
PHO INCIDENT FIELD PHI POLARIZATION UNIT VECTOR IN DIFFRACTION

EDGE-FIAED COORDINATE SYSTEM (IN X**YZ RCS COMPONENTS)
PHSH PHI COMPONENT OF RAY PROPAGATION DIRECTION AFTER DIFFRACTION

VA kCS
PP NEGATIVE DOT PRODUCT OF DIF EDGE BINORMAL AND INCIDENT RAY

UNIT VECTOR
PS PSR*DPR
PSD DIFFRACTED hAY PHI ANGLE IN EDGE-FIXED COORDINATE SYSTEM
PSO PSOR*DPR
PSCD INCIDENT RAY PHI ANGLE IN EDGE-FIXED COORDINATE SYSTEM
PSCR PHI COMPONENT OF INCIDENT RAY DIRECTION IN EDGE

FIXED COORDINATE SYSTEM
PSk PHI COMPONENT OF DIFFRACTED RAY PROPAGATION DIRECTION IN

EDGE-FIXED CCORUINATE SYSTEM
0D DOT PRODUCT CF DIF PLATE NORMAL AND DIF RAY PROPAGATION

DIRECTION
01 NEGATIVE OF DOT PRODUCT OF DIF PLATE NORMAL AND INCIDENT

RAY PROPAGAY'ION DIRECTION
SC SINE OF 80, THE ANGLE THE DIFFRACTED RAY MAKES WITH THE EDGE
SlP SINE OF HALF WEDGE ANGLE
SP DISTANCE FRCk SOURCE IMAGE TO DIFFRACTION POINT (FROM SUB. DFPTD
SPH SINE OF PSR
SPHJ SINE OF PHJk
SPHO SINE UF PSOk
"_PP DISTANCE FRLM SOURCE IMAGE TO MODIFIED DIFFRACTION POINT
SThJ SINE OF THJI
STHk SINE OF ThR
TEhA COEtFICIENT OF CCUNER DIFFRACTED FIELDS
fHIk IHE)A COMPONENT CQ REFLECTED RAY DIRECTION IN REF COORD SYS
THJk THETA COMPONENT OF ItNIDENT (SOURCE) RAY PROPAGATION DIRECTION

'HPk ANGIE DIFFRACTED RAY MAKES WITH EDGE
"f"ik ANGLE BETtEEN EDGE UNIT VECTOR AND RAY FROM SOURCE

IMAGE LOCATION TO CORNER MC
"TPP DIS"ANCE PAIsAMETER USED IN CALCULATING DIFFRACTION COEFFICIENTS
VAX -A3 MATRIX DEFINING THE SOURCE IMAGE COORO SYS, AXES
V; UNI1 VECTOR FROM SOURCE IMAGE TO CORNER I OR 2 OF EDGE ME
ICk VISIANCS FRCM SOURCE IMAGE TO CORNER I OR 2 OF EGE ME

VECI VECTOR USED TO MOVE DIFFRACTION POINT OFF EDGE FOR SHADOWING
TE S, S

* vt UbIT VECTOR OF RAY INCIDENT ON EDGE FROM PLATE REFLECTION
(FWC(.Y SUP. UFPTb!q)

VIP 111.It VEC.TOR OF kAY FROM SOURCE IMAGE TO MODIFIED DIF POINT
. X Y, ANID Z COhIPONENTS rF SOURCE RAY PROPAGATION DIRECTION
vuI( VISTANCE ALUNG THE EGE FROM FIRST CO"NER OFr EDGE TO

DIFFRACTION POIlVI
* XI' DI.FrACTIk* POINT (CALCULATED IN SUB. DfPT$0) IN RCS

X(p ut0()IFIFD DIFFRACTION POINT USE() F1R 091I AOWING TESTS
XIS Suu¶•LE IMAGE LOCATION (FOR NEFLCCTV'n FCOM PLATE iO)
XS SUUCI: t•CATION IN RE? C(XOMI SYS
ti' (Xf)P PIO1)XT (f PROPAGATION 0IRFCTION UNIT VECTOR AND

ýLCTOk twu,•u IFfRACTION POINT TO CORNER I:
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CODE LISTING

I C -------------------------- - - -- --

2 SUBROUTINE RPLDPL(EDTH,EDPH,CTTH,ECPH,FNN,ME,MP,MR)

4 CI!I DETERMINES THE REFLECTED/DIFFRACTED FIELD WITH PHASE
5 CUI! REFERRED TO ORIGIN. RAY IS REFLECTED FROM PLATE "MR AND
6 CU!I DIFFRACTED FROM EDGE #ME ON PLATE OMP.
7 CIl!
8 COMPLEX EF,EG,EIPR,EIPL,EXPFI,DIN,DIP,EDPR,EDPL.EDTH,EDPt(
9 COMPLEX EIPRP,EIPLP,EIX,EIY,EIZ,CORN,FFCT

10 COMPLEX DH.DS,DPH,DPS,ECBI ,ECBR,ECTHi,ECPH
III DIMENSICN VI(3),XD(3),PHO(3),PH(3),BOP(3),B0C3),XDP(3)
12 DIMENSION XIS(3).VJ(3),VC(2.3).VCM(2?.BRD(?),VT(3),VIP(3)
33B DIMENSION VAX(3,3)
14 LOGICAL LHIT,LSURF
15 LOGICAL LDEBUG.LTEST,LSLOPE.LCORNR ,LDIF
10 COAWMON/TEST/LDEBUG,LTEST
I, COMMON/LOGDIF/LSLOPE,LCORNR
18 COMMON/EDMAG/VMAG( 14,6)
19 COMFMON/GEOPLA/X( 14',6,3),V(14',6-,3),VP(14,6,3),VNC 34.3)
20 2,MEPCI4),ýmP
21 COPMON/EORINF/XS(3 ),VXS( 3,3-)
22 CO~tMON/IMAINIF/XI(14,14,3),VXI(3,3,14)
23 COMMON/DIR/D(3,THS$RPHSR.SPHiS.CPHiS.T145,CTHS
24 CONMON/IHPHUV/DT(3),tVP(2)
25 COMMON/PIS/PI,TPI,DPR,RPO
2o COMMON/SURFAC/LSURFC 34)
2) FN-FNN
28 Ci!! INITIALIZE FIELDS
29 EDTH-(0.,0.)
30d EDPHs(C.0.5.)
31 ECTHC80..0.)
32 CHm l
5.3 11-- ILDEBIJO) WRITE (6,106)
.34 106 FORMAT (/,' DEBUGGING RPLOPL SUBROUTINE')
35 MEC&ME.)
jo I$CMEC.GT.*JPU4P)) MEGC-I

3b) Do to ?J=I,3

40 VCI.NJXCMPME.N-9)-X GO14 TOM.40

47 D 2 10 I( 1uIM.13 3
45 IU IF L~M) Hwli.

41 B8(IwC.uh3 )IO~

388
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61 CALL. DFPTWD(XIS,DV,VI,SP,XD,!AE,M4P)
68 VGO

70 AFN-FNII
71 IF(AFN.GT.2. )AFN=6.-AFN
72 CNP-COS( AFN*PI /2.)

is StJPSINC A~ff*PI/2.)
DO 15 N-1,3

75 XDP(N)uXD(N)
16 VMG-VMG+ C XD( N) -X (CM P, ME, N)) *(MP, ME N

Tai .15 ADNanADN+CXICMR,MRdti)-X(MP, I,N))*VNU4P,N)
,a LDIF=.TRUE.

19 Cl! IS DIP POINT ON EDGE ME?
80 C111 IF NOT, SET AT APPROPRIATE CCRNER AND SET LDIF FALSE
at IF (VM6.LT.0*.) 0O TO 101
82 IF (VMG.L3.T.VIIAG(MP.ME)-I.E-4) 0O TO 102
83 DO 103 N=1.3
84 103 XDP(N)-XCMPMEC.N)-i.E-4*V(MtP.,ME,N)
85 LDIF-.FALSE.
86 GO TOI102

*87 101 DO 104 Not,
88 104 XDPCN)-X(14P,ME.N).I.E-4*VCL!P.,ME.NI
8v LDIF-.FALSE.
90 102 DO 16 U=1,3
91 VECTZVP(C PP ,ME,l) *CPIPV'I C4P ,N )*SNP
92 to XDP(N)uXDPCII)+I.E-S*VECT
9.3 C!!! 3. CHECK TO SEE IF RAY IS SHADOhIED
94 Ct!! DOES DIFFRACTED PlAY HIT ANOTHER PLATE?
95 CALL PLAINIC (XDP~f,DDHT.kAIR,LHIIT)
90 IFCLHIT) GO TO 43
91 CI!! DOES DIFFRACTED RAY FIT A CYLIUflER?
yb CALL CYLINT(Xi)PD),PHSSI.D)-.LHII, .TRUE.)j

iro IF(LHIT) 00 TO 40
100 SPPIO.
50L DO III N4=1,3
102 VIP0I.1uxrP(%)-XIS(t4)
103 111 5PPSPP*V1PCN4)*Vtp(!4)
104 SPPuSOR1 (SPP)
1105 DO 112 NPl..]
to Wa 12 VIPCN)wvIP(I1)/Spp
107 CI!I DOES REFLECT1OP FROM PLMt MR OCCUR7

100 CALL PLAIUT( XIS, VIPMfIT,-JdQ,LI4IT)
T Iov IF (.610I.L0IT) 00 TO 40

110 Il(DIO(IT.GT.$P;)G00 OA1.1 HI RuSPP-OHIT

4:114 l CALL ELCe! A IT A!?I'TVIER PLA-tE iEFORE DIFFWATiON?
11 CLLPLA 111XI 5, VIPrVT.4Tl.LFIT)

155 IF(LItIT.ANPE.WHýT.LT.t)HiM): GO TV At'

118 C111 DflOS ILECTEID MAY V~II A CYL1CEA.* 1 119~Il CALL CLIX.IPId4,~I.TI1.
* 20 IFIL~IT.AiNT.(9 LT-D0QI)) C-0 10 40

121 CIt! C0QUIRUE INCIVFT kAlf O1RECTI11a (21 MATTE #49

1] CALL REFP(PPJQ.T)NJR,PtNi4.TmW.MAu)
12 SP1#OINe$1bup)R

3.27 Clu cs TVURJ1)

1z" VJ (3 CIU

01i CIII 10005 INI5 iT Y 1:UI SWRCE I~ iT A OLATS lIE OAc R ýVvL -1: 10
1.12 CALL Pt.AIN(X".vJ.W!4.%a.LhIT)
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333 IF(LHIT.AND.4DHT.LT.OHIT)) GO TO 40[
334 CII! DOES INCIDENT RAY HIT A CYLINDER?
335 CALL. CYLINTCXS,VJ,PHfJR,DHT,LHI1T,.PALSE.)

13o IN(LHIT.AND.(DHT.LT.DHIT)) 0O TO 40
137 C11! 4. CALCULATE DIP ANGLES AND RELATED GEOMETRY
138 01-0.
139i PP-0.
140 011=0.
141 P0-0. 

a142 D0 20 N&1,3
143 0I=OI-VNCMPAPN)*VICH)
144 PP-PP-VPCMPMENJ)*VI(N)
345 0D=OIWVIJ(MP,NI*D(NJ
146 20 PDmPD+ VPCM(P,MEN)*D CN) 6
341 CI!!f CALCULATE P50 AflD PS. THE INCIDENT AND DIP PHI ANGLES
148 PSOR-BTAN2 (01,PP)
149 PSO-DPR*PSOR
150 IP(PSO.L.T.iB.1 PSO-360..PSO
151 PSR=8TA112(GOPD)
152 PSmDPP*PSR
153 IFCPS.LT.0.) P3-360.*PS -2
154 PSODWPSO
155 PSOMPS
ISO IF(PIQJ.LE.2.IG0 TO ZI
157 FN-FNN-2.
158 PSOD)-36U.-PSC
159 PSOIL3aO.-Ps i

300 23 FNP-iN'3 80.* 1. E-4 -

lot IFCPSO.OT.FNP.Oa.PS.GLT.NP) W0 TO 40
162 SPHOmSINtPSOR)
3o0 CPH0*C0E(PSOR)j
1ot SPHUSINCPSRO
365 CPH-CUS(iPSRI
160 C!!! C\2 'UiE W I-PRTACTIO?1 POLARIZATION UNIT
10? C!1! VECTCkS (PHiO.P-!.%0P 1UO1I oB 00 30 He1. 3,
00 3o PHU( 01. -VP{Uf 4p.c.i ) *SPq*t4YFt, (v1 )*CPH

II0SP3 B~().0MOC3t.VC23 14013 (2)ti1( 2
02 9G BOI)uoplit C 3) 0VIiI)-Pth3)(2I)a a

I1o HOP(3)-OPHO(l I)e Icz 1-pitotZ)t t III

5110

382 C 0 f S. COMPU.th3*7 ~IFFNACUI I!LP

58'U~ 59 *1*3.3 (5

lee 29 NII .

169 CI! 5. W6tu IFPC.. I~

le5 iI CALL~ ~~C
IM C COP~k Q*V6iVT5 9 IC1V%*t -IEV PW' A PAALU

IOU9 i Ez¶uCW &t 4.' me ~ rAI-~II)f(UIP

Nfl ~ ~ ~ 16i Yowl coIv rsz i1s*ectIw Cof;C 3IQ 0 VýLr~tDIFIla04~ie, CLCLAI IsMIT SOK UL

39D



i i 399 CALL. DIV (DS,DtIVPS,&PH,TPP,050,PSODSPCF?JLSURFCJAP))

200 IF (LOEDUG) WHITE (6,') EIPR,EIPL
201 IF (LDEBUG) kORITE (6,') DS,DH,D"S,DPH
202 IF (LDEBUG) NR.TE (6.') TPPPSO,PSOO,SB0,FN
203 CU!f COMPUTE COMPEUENTS OF EDGE DIP FIELD PERP. AND PARALLEL
20& Cf if TO THE EDGE
205 EDPe-EI PR *OflEX PH
2e6 EDPLe-EI PLtD$tEXPH
207 IF(.tOT.LSLOPF)GO TO 201
208 EDPRaEDPR-EI PRP*D)PH.EXPH/CMPL.X(0.,TPI.SP.S5O)
209 EDP)L-EDPL-EI PLP*DPS*EXPCI/CMPLX (0.,TPI*SP*SBO)
2W0 201 IF (.NOT.LDIF) GO TO 202
2)3 CI!! COMPUTE THETA AND PHI COMPONENTS OF EDGE DIVF, FILD~t
212 CI!! IF DIFFVACTIOt$ EXISTS
213 EDThuEQ-PL'(5O( 1uw07 avnioczj.0T(2.oon(*0n(38
214 2.EDPR*(PH( l)0D( 1)+PH(2)*DT(2)+Ph(3)*OT(Jfl
215 EDPHsvEDPL*(BO( 1)*OP(I),BO(2)tDP(2))
218 2*EDPR*(PH4(1I )DPC fl.PHC2)*DPCZ)!
237 C!!! 6. IF CORNER UIF IS DESIRED, CA.LC CONNIER DIF F.iELDS
218 Ž02 IF (.NOT.LCORNR) GO TO 40
219 OET7ePS-MP SOD
22 u BETPotPSD*P SOD
221 Emo'.
222 EGu0.o.i)
223 M(C=ME-I1
224 35falw
225 Z
22a ct!! LOOP TNRU5E CORANERS ON EDGE *lE
227 35 iC u-c+ I
228 IF(MC.GTMEP(MP)J MACO'
229 JwJ.I
23k I JSf;lwJ
231 CTHw-tS-IS'RD(J)
232 CT.HPDI sX.lov
233 THPim.ACC$CZl!5P)

235 S~l~ks&$I It(T1169
"lo 0DELmZ.*TPt vVeflJ)*tCOS(.I*1cT *I4.TPR) 1002)

23V TE.Qwe-S1'HR/TPI I CYVj'tl~' )/WT( VCM(J?1) _
240 CU!l COMPUTE C'URUER QIffRACVL?;C COcFFIC;Eur-- (CO#-*I

* ~~~~~242 CALL DII.P.ANSCFeX..hE.
*2ý43- IF(LSWWMtlpn3Q- To III

2"4 CALL 0D~I 'tjp?0vP -8TP.5W2.Ft2L.?I
24! CU1! COmpuTe VVOIPIW EDae 2)iv. COEFimCIerTI t21142$)

240 W o 3.1NOI

4160 O50 (a..0. 1
Z51 C!!I COEP41t COILPOE!NT Of NV$r e#.M AALt

S¶2 EI t-PA- ti4.et~
25I EII9Le* kI OL aS.- tI ptf
2574 S. WLSLOK0 111 Z03

W~ C&!I CQ*9PlMW 7NW7 AND PM; cvc4P2P,i397 OF CC V~ IP F I EL
* 255~~~-M 40.) ctaLioiafl

2.V'-;* njg I I 44nfI I oppt Z 107 (Z.**mI *1
*CHtW.04 *;) zjpc vjc~zIc 4rfj

208



265 EG-EG+ECPH ACORN
266 iF (.NOT.LDEBUG) GO TO 36
26s WRITE (6,*J DSDH.EDPREDPL
268 WRITE (61*) ECTH,ECPH,CORN
269 WRITE (6,*) EFEG
210 36 CONTINUE
271 IF'.•MCEO.UE) GO TO 35
272 ECT.IHEF
273 ECPH=EG
"274 RETURN
275 40 IF (.NOT.LTEST) GO TO 204
27o WRITE (6,205)
21l 205 FORMAT (/," TESTING RPLDPL SUBROUTINE')
218 WRITE (6,*) EDTH,EDPH,ECTH,ECPH
279 WRITE C6,*) Rl,(EMP,uR
280 204 RETURN
281 END

- • : 3 9 2
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RPLRCL

PURPOSE

To compute the geometricai optics field reflected by a given
plate and then reflected by the cylinder.

PERTINENT GEOMETRY

z

A
D

SOURCES•., LOCAT ION

DI

•~PLATE MP

"SOURCE IMAGE
LOCATION

Figure 99--Illustration of plate reflected,
cylindr reflected ray.

I3
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METHOD

Subroutine RPLRCL functions as a service routine for subroutine
RPLSCL, where the actual plate-cylinder fields are computed. The
geometrical optics reflected field components ETH and EPH computed
in RPLRCL are used only for reference purposes (when LOUT is set
true). The field components calculated in RPLRCL which are used in
RPLSCL, are the hard and soft components of the plate reflected field
incident on the cylinder at the reflection point. These components,
along with several other useful parameters, are passed to subroutine
RPLSCL through common block FUDGI.

Tne geometr;cal optics fields determined in this subroutine for
the reflection from the cylinder, are found in a similar manner to
the fields calculated in subroutine REFCYL. However, in this sub-
routine the field incident on the cylinder is found from the image
source for the particular plate of interest, as illustrated in Figure
99. The image source fields are calculated in a similar manner to
those obtained in subroutine REFPLA. The phase of the resultant
double reflected field is referred to the reference coordinate system
origin. The double reflected field thus has the form

e-jkR

-r,r = Wm (ETH^+EPHC) e

ee
where the factor e'jkR

e the factod and the source weight (hmj are added elsewherein the code.
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-9 PI

FLOW DIAGRAM

RPLRCL (ETH,EPH.NP)

INPUT VARIABLES
MP the plate where the first reflection

occurs

OUTPUT VARIABLES
ETm theta component of the doubly

reflected E field in RCS
EPH phi comiponent of the doubly reflected

E field in RCS

Can
*reflection from cylinder No

occur?

Set flag in LRFI,
es telling subroutine

RFPTCL not to use
previously defined
data as starting
point next timne it
is cilled

IIs

ray incite.. cylinderla

ref lectin poit (ompontents

to plane of 'Icidence)
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Compute field components of I.
ray reflected fro cylinder
(components parallel and
perpendicular to plane
of incidence)

Caculate theta and phi
S(pol 

arization) components
of reflected-reflected

field in RCS

Calculate tOetA and phi ccomponents E I °O
of hard and soft components of EPH-O
field incident on cylinder re-
flection point (values returned
to subroutine RPLSI through a Set LTRFI-.TRUE.
common block) telling subroutine

RPLSCL thit
G.O. reflected
field does not

exist

Return

T
I!

1.
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SYMBOL DICTIONARY

CTHN DOT PRODUCT OF CYLINDER NORMAl. AND REFLECTION
4 PHOPAGATIONI DIRECTION UNIT VECTOR

"C" COSINE OF Wh
D PkOPAGATION DIRECTION AFTER CYL REFL. IN (XY,Z) RCS COMPONENTS
WADI DOT PRODUCT OF UNIT VECTOR OF PROPAGATION DIRECTION AND

CYLINDER TANOENI UNIT VECTOR THROUGH TAN POINT I (2-P)
DD2 DOT PRODUCT OF UNIT VECTOR OF PROPAGATION DIRECTION AND

CYLINDER TANGENT UNIT VECTOR THROUGH TAN POINT 2 (2-D)
DHIS DISTANCE FR.M REFLECTION POINT ON PLATE TO REFLECTION

POINI ON THE CYLINDER
DHIT DISTANCE FRUM SOURCE TO HIT POINT (FROM PLAINT)
DI XY, AND Z COMPONENTS OF INCIDENT RAY DIRECTION ON CYL IN RCS
DJ X,Y,Z COMPONENTS OF PROPAGATION DIRECTION OF RAY INCIDENT

ON PLATE
LIXY DOT PRODUCT OF VECTOR FROM ORIGIN TO SOURCE IMAGE

LOCATION AND PROPAGATION DIRECTION (2-0)
El- P, TERN FACTOR OF THETA COMPONENT OF INCIDENT FIELD IN RCS
EG P.,ritERN FACTOR OF PHI COMPONENT OF INCIDENT FIELD IN RCS
EHPH PHI COMPONENT OF THE HARD COMPONENT OF FIELD INCIDENT ON CYL

(PARALLEL TO PLANE OF INCIDENCE)
EHTH " THETA COMPO'ENT OF THE HARD COMPONENT OF FIELD INCIDENT ON CYL

(PARALLEL TO PLANS OF INCInENCE)
EIPP INCIDENT CYL FIELD COMPONENT PARALLEL TO PLANE OF INCIDENCE
EIFH I;ICIDENT CYL FIELD COMPONENT PERPENDICULAR TO PLANE OF INC
EPH PHI COMPONENT OF CYL REFLECTED E-FIELD
EHPP CYL REFLECTED FIELD COMPONENT PARALLEL TO PLANE OF INCIDENCE
EkPk CYL REFLECTED FIELD COMPONENT PERPENDICULAR TO PLANE OF INC.
ERX YZ COMPONENTS OF FIELD
EtY INCIDENT Of (OR REFLECTED FROM)
ENZ CYLINDER IN RCS
E5PH PHI COMPONENT OF THE SOFT COMPONENT OF FIELD INCIDENT ON CYL

(PERPENDICULAR TO PLANE OF INCIDENCE)
ESIH THEIA COMPONENT OF THE SOFT COMPONENT OF FIELD INCIDENT ON CYL

(PERPEND!CULAR TO PLANE OF INCIDENCE)
LTH THETA COMPONENT Oi- CYL REFLECTED E FIELD
EX
EY PATTLERN FACIOR OF X,YIZ COMPONENTS OF SOURCE FIELD

J INCIDENT ON CYLINDER IN RCS
"LHII SET TRUE IF RAY HITS PLATE (FROM PLAINT)
LkrI SET TRUE IF REiL DATA IS AVAILABLE FROM PREVIOUS PATTERN

ANGLE (OR FUR NEXT PATTERN ANGLE (KHEN LEAVING ROUTINE))
LTRFI $LT TRUE IF GEOMETRICAL OPTICS REFLECTED-REFLECTED

FIELD DOES NOT EXIST
PH COMPLEX PHASE AND RAY SPREADINO COEFFICI PIT
PHI I PHI COMIPONENI OF INCIDENT RAY DIRECTION Of' CYL
S;u I1 RAY SPREADING RADIUS IN PLANE OF CYLINDER CIRVATURE

AT REILECTICN POINT
UHO2 RAY SPNEALDI:C RADIUS NORMAL TO PLANE OF INCIDENCF

A*.' NEt-LECTI(jN OOINT
SNJAG LENUTH OF RAY 1'O- REFL POINT ON CVL TO SOURCE IvA"•E
SURN PARI ; OF SPREADING FACTOR
SAN
SYN X,Y, AND Z COMPONENTS OF UNIT VECTOR OF PAY FROM REFL.
SZN . POINT 0N CYLINDER TO SOURCE IMAGE LOCATION IN RCS
rHI k THEIA COMPOitEN" OF INCIDENT RAY DIRECTION ON CYL

U I'PpY X,,YZ CO'.POflEFTS OF INCIDENT FIELD POLARIZATION4 UNIT1 VECTOR
Q UiPP 1PAkALLEL TO PLANE OF IN1CIInENCE

"UIP4Y ,X,Y,Z CO.CPONCETS I'i: INC/REFL FIELD POLAR.ZATIOfl t4NIT VECTOR
Iph') PL.PEkNDIVCULAI1 TO PLANE OF INCIDENCE

A UNI-PM'
UNWPY ),XqY.Z CONPUJIENTS OF REFL FIED PCOI.ARIZATInN IINIT VECTOR
Ui,'PR. J'AIIALLhL 10 PLANE WF INCIDENCE
VAX .A1I|,A DliaýI)IIIG SIQUCE CO0RI)INPTE SYS AXES IN RC'; COMPONErNTS
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AIS X,Y,Z COMPONENTS OF• SOURCE IMAGE LOCATION
ALSL. REFLECTION POI3NT ON PLATE

X.i LOCATION (F REFLECTIOI POINT ON CYL IN (XYZ) RCS
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CODE LISTING

2 SUBWIUTINE kPLkCL(ETI4,EPH,?AP)F

4CI!! COMPUTEE THlE G.O. FIELD REFLECTED) FRO14 PLATE #MP THEN'
5 CI!! REi~LECTED 1FRGM THE ELLIPTIC CYLINDER

7 DIMENSION UN:(2),UBC2),DI(3).DJ(3),XI5(3),VAX(3.3)
b COMPLEX ETP,EPlH,EX,EY.E-Z,PH.EIPR.EIPP.ERX,ERY,ERZ.ERPR.ERPP

COMPLEX ESTH,ESPH.EH.-: --HPHTRANEF,P7,
LOGICAL LHIT,LHFI,LD)Ei)6-..iTEST,LTRFI

11 COKM.ON/FUDGI /TRAN, ESTH,ESPH, EHTI4,EHPH. XRC(3) , RG,RHO 1, S)AAG,LTRFI
12 COMM.'ON/GEOMEL/A, 8,ZCC2), SN-CC2),CNCC2 ). CTC(2)

13 COUMOII/SORINF/XS(3),VXS(3.3)
14 COMA014/IMAINI/XI (14,14.3). VX 1(3,3, 14)
15 CoWALOeJ/GEOPLA/X(14.6,3),V(l's.o.3),VPCI4.c6,3).VN(14.3)
to 2.,04EP( 14),IAPX

11 COMMOIJ'PIS/PI,TPI*DPR,RPD
is CODAMONl/DIR/D(3),ThfSR,PHSR,SPS,CPS,STH4S,CTHS
IV~ CO.AMOtJ/THPHUV/DT (3) .CP(2)

26 CO?&)!aN/EI4VICL/D-L V 4),VTI ( 4,2), STI (14,4)I, 21 COM).ON/TEST/L1DE3rjG,LTEST
22 COPI.'J.ON/CLRFI/LRFI( 34)

25 IF(LDEBUG) IVRITE~o,9?0)
24 JP&0 FOWAAT(/*, DEBUGGING RPLRCL SUEPRnUTINL')
2!; LTN!`-IuaALSE.
20 C1ItI CAN REFLECTIC44 FROM CYL!N1I2ER OCCUR?
21 IHm;DiI(,UP).LT.-I,5) GO TO 12

28 UXY=XI(A-P,AP,l )*CPE.X1UD,31.P.2)*SPS
2V IF(UXY.GT.0.) GO TO 10r
30 U(&JTi!I CMP, I)*CPS+Bmj HMP.2)*SPý

.31 UD2-8TIC9P.I3)*CPS.BTI(P4P.4)*SPE
.2 H-DII.GT.PmT!(MP).At~).0~i2.GT.071(1~iP)) CPO TO 12

.33 lo CONTINUE
J4 CI!! CALCULA7E REFLECTION PGIJT 0-1 CYLIt`DE1Z
.35 CALL WtPTCLCP,'lSR?.MP.VW.DOYTP.Irn,S.LRF1(P-P))
.36 I(lfLE.)GO TO 11I .37 XH(I)uA*COS(vP)

ýv XR(3)wXI O~AP, UP.3)+S*CTHiS/ST~fF
4W ift(3 IS RWi#JLECTIO'N POINT OFF OF FIfIfTE CY1.111DER?
41 l1-CAkdJ).GT.LCCI)4XR(l)*CTC(I).OR.
42 2XRC3).LT.ZC(2)*XR(l)'CTC(2)) 00 In 11
43 cili WuES CYLINDER REFLECTED RAY HIT A PLATF?
44 CALL PLAIN1(XN,D.DHT.0,LIII1)

t) It-CLHIT) Go0 TO It
.40 5X34.xIW&,13P.)-XklCI)
4o SYt.).I(NP.J4P*2)-XkC2)

48 VIU-S*CY:S/STHS
SaAa(s014-r ( S x?1*Sxt-.SYNYf*SI*Zl

ti; SXNuSXiJ'SVAU
bi3 SYNwSY?I/$FaAQ

SZNvSLIJ/S!AAG
P4 H3It.OTAt2I(sORt1,X?I*X.ShS1

5CPHISCOS(PIIIR)

b,# Stllu I ?)C IT41

03 U3JICNI .k0. 1 fIs
0-4 Lift L)hlS #ICLjCTION nFF (W PLATE VP CCCUU?

CALL PLA I'll (1t!. Of :*"lT.-MN'LHIT)3 0*0 3e~."'3I.L CI)O jr' 11
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G8 C111 DOES REFLECTEFD RAY HIT PL.ATE BEFORE TH4E CYLINDE~R?CALL PLAINT(XISflIr*DH,MP,LHIT)
IF(LH!IT.ANLD* WfHT.I.T.flI[5) GO TO I ISI CALL l1EFRP(PHJk.THjR.P4z. mR P
SpHJzsIN(PHJR, RTIp
CPIIJNCOE(PHJIk)4
STHJ&SIN(THJR,

75 CTHJNCOSfTHJR)

4, D.J(2)ftSPH4j*STHJ
76 LDJ(3)-CI1HJ
I S ;! !! DUES SOUKIE RAY INC- ON PLATE UWP HIT ANOTHER PLATE80 CM! OR THE CYLINDER FIRST?

tiI CALL PLAINT(%SOJ,DHT.MP.LHIT)
82 IiCLHIT.AND.(O!{rLTXHj4T)) 0O TO 11
8.3 CALL CYLINT(XS,DJ,PHJR.DHTLHIT,.FALSE.)
84 [F(LHfT.AND.CDHT.LT.DHIT)) 0O To 11

do DO 20 NI-I,3
87 ;w VAM IIINJ) uVXI (N1,NJ.M.P)
88 L111 CALCULX 1E SOURCE PATTERN FACTOR

69 CALL SOi~RCECEF,.OG,EX.EY.EZ.THIR PI41RVAX)
00 IF(LDEflUO) NrRITE(6.*) F.*EO 

TRGDD*DO*DDA/B
i2 CALL NANDA(LJNs!BRM
13CTIIW*UN( I)*D(I )#UN(2)*fl(?)

%,4 NIRSBTAN2CSXN*UB( l).SYN.UD(2).SZN)
15 SWu5INCOR)

"yo CAICUS0,A)
'.7 5ST2 aS*Sh+t~ClK*CW,*CTHN*CT1iw

18 R11O2wSMtAG
1,RHO I US4AG*RG*CTHN/ CRO*CTHW.2 .*SMAEI*SS4T2)

I k; C!!! COMPUTE POLARIZATION UNIT VECTORS
hAI k.!! PERPENDICULAR AND PARALLEL TO PLANE OF INCIDENCE

W2 WPkXuSIN(AR-PI/2.)*UB( I)10 uIPWYUSINflIR-PI/2.)*U8(2)
1kJ4I 13ZUCCS ( kk-p1 /2.)1L~ 61 PPXUSI N*UI Pt.Z- SZN*U IPR Y

I vý PPYwSZV*U IPRX- SXIF*UI PRZ
t!* UI PPZmSXtt*(1I PR Y.SyN*U IPR X

ub UkPP~nUIPRY*0(3).A IJPRZ*0(2)
IlUiJIPVY*UIPRZ*DC I)-4JIPRX*D(3)
Ik u1?PPZmuJpwX*Dr)c2-U~ppYtD(I )III IWi4 C!XP(dMPLXd. .- TPI*SMdAG))/SMAG

112 CU!! LALCULATE IN1CIDENT FIELD COUPOFENTS ýRALLEI.
Ila C!!1! AW.) PERMEIDICULAR' TO PLA14E OF INCInENCEti. IPPwCUIPUýX*EZ.4ItPRY*EY~uIIPRZ.EZ)
lit E!PPm(UIPPX*EX.UIPPY.EY+.UIPPZ*EZ)

lit SOPHOSMR( RHC I&.N02 Ilit C!!U CUIIUME REFL.ECTED FIELD COMPONE1ITh PARALLELI li' 011U AND PERPENDlICULARt TO PLAV4E OF INCIDENCEQ V Wku-sQQff*PI4.Ej PA
123 FUPPwSGk*PI*EfP~EPp

?1i24-ip auY u (pkz okppat-1ppy
1.ý Lit! CALCULAT$TET V M A11 PHit 001PORENTS 01: REFL.ECTED-127 LMI uEFLN-11V.1 FIEL

121 I.~ix~wt 1-*Cyal4Y T(24*ERZ~fT(3)
I pjmkP~)xqIv I )*kiIY.ZP (k

l~t; Cl!! ~Ihjý 7!E tll AND P14I COMPIXENT CF &nT CtlWPN*IET OF(,1 it i- I It. )1ý. ON CYL I DER
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15~7 C! 11CU.UTih TiIET1 AND PHI COMPONIENT CF iP~ CC1IPC:?L-*IT OF
1.38 cill FILL' IC. W:. CYL!INDS1

-XI Pp*UH PpX
I ',~J kY-EIiPF*UHPFV

'4.141 E HZm&I Pptuicppz
142 EHTH=EW)X*DT( +I .IHY*DTC2) .EPZ'OT(.*)
14.j EHPH-~iiX*DP( I)+ERY*DP(2)

Id4 GO TO WS5
145 12 LRFI(MP;-.FALSE.
14()~ 11 LTRFI*.TAUE.

148 EPH-(0.o.1.
14%, S-;t COI4TtUI:b
l*k l1(.NOT.LIE:ST) RETUJRN

1!)2 l I u k;OHM'AY /,' TESTING3 IPLiRCI SURPCUTWk.E'

lb.. RETlURN

'bb END

T

401



RPLRPL

PURPOSE

To calculate the far zone electric field due to double reflection
from specified plates (reflection off of plate IW ed then plate MPP).

PERTINENT GEOMETRY

A
D

,f PLATE MPP

SOURCE XS

DHIS%:1 HIT DHIJ
DI DJ

404
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*4- PLATE MP

S INGLE REFLECTION DOUBLE REFLECTION
SOURCE IMAGE SOURCE IMAGE

Figur IO0--Geometry for double reflected ray.

I
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METHOD

The doubly reflected fields are found sing image theory. The
double reflection source Image is found so ltat the appropriate bound-
ary conditions are met at the reflection points. The ray paths are
checked to insure that they hit the appropriate plates and are not

shadowed by other obstacles. The phase factor, e kDJ, is then added
to the pattern factor obtained from the SOURCE subroutine. The doubly
reflected field is given in the form

frre-,kR

Vr(r,e,,) - Wt(ERTA + ERP*) -jkR

e-jkR
The factor and the source weight (W.) are added elsewhere In

the code.

403
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-----------

FLOW DIAGRAMI

IIWUT VAAWALES

eplpate whare Secanc ?Iflectfoi occurs
OUTPUT VARZASLES

RYthet* cmoemea of reflected field in ICSCam ne~et Of reflcted fieldi in qCS

Sw~ly doble I! IjwttA *I
10C01A A,4 (f.C

twufeC~'I

Ows ra

ý0ýt Wt t"l" e

*0



DMs ray fro frs
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cyltnecr before itg
plate Wo?
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Concge 64~l* It'ctf"al4
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Owf ICW 4 "tit
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SYMBOL DICTIONARY

CPHI COSI NE OF PHIR
CPHJ ZIOSINE OF PHJR
CP;,S COSINE OF PhSP
CTHI Cc, SI!NE OF TH1Q
CTltJ COSINE OF THJR
CTHS COSINE OF ThSR
D X,YZ COuPONENTS OF RAY PROPAGATION DIRECTION

AFTER SECOND REFLECTION IN RCS
DHIJ DISTANCE FROM DOUBLE REFLECTION IMAGE TO HIT POINT

ON PLATE MPP
GHIS DISTANCE BElhEEN REFLECTION POINTS
DHIT DISIANCE FRCY SOURCE TO REFLECTION POINT

(FRGM PLAINT)
DI X,Y,Z COMPONENTS OF INCIDENT RAY PROPAGATION

DIRECTION IN RCS
DJ X,YZ COMPONENTS OF PROPAGATION DIRECTION

OF RAY INCIDENT Off PLATE UPP
EX COMPLEX PHASE FACTOR (CEXP(J*TPI*GAU))
GAN PHASE DISTANCE TO ORIGIN (DOT PRODUCT OF DOUBLE

REFLECTION IMAGE LOCATION AND REFLECTED RAY PROPAGATION
DIRECTION)

LHIT SET TRUE IF RAY INTERSECTS A PLATE OR CYLINDER
(FROM .PLAINT OR CYLINT)

UP PLATE FROM PHICH FIRST REFLECTION OCCURS
NPP PLATE FROM WHICH SECOND REFLECTION OCCURS
PHIR PHI COMPONENT OF INCIDENT RAY PROPAGATION

DIRECTION IN RCS
PHJR PHI COAPONENT OF RAY DIRECTION BETM;_a REFLECTIONS IN RCS
PHSR PHI -09PONENT OF RAY PROPAGATION DIRECTION

AFTER REFLECTION IN RCS
SPHI SINE I- PH8h
SPHJ SINE O- PHJR
SPHS SINE OF PHSk
STHI SINE OF THIR
STHJ SINE OF THJR
THIR THEIA COMPONENT GF INCIDENT RAY PROPAGATION

DIRECTION IN RCS
THJR THETA COMPONENT OF RAY DIRECTION BETWEEN REFLECTIONS IN RCS
THSR THETA COMPONENT OF RAY PROPAGATICN DIRECTION

AFTER REFLECTIONS IN RCS
VAX X,Y,Z COMPONENTS DEFINING UNIT VECTORS OF THE

SOURCE IMAGE COORDINATE SYSTEM AXES IN RCS COMPONENTS
VAXP X,Y,Z COMPONENTS DEFINING UNIT VECIORS OF THE

SOURCE IMAGE COORDINATE SYSTEM AXES IN RCS
FOR DOUBLE hEFLECTION

XI TRIPLY DIMENSIONED ARRAY OF IMAGE LOCATONS
XIJ X,YZ COMPONENTS OF DOUBLE REFLECTION IMAGE LOCATION
XIS X,Y,Z COMPONENTS OF SINGLE REFLECTION SOURCE IAGE LOCATION

(SINGLE REFLECTION FROM PLATE MP)
XS SOURCE LOCATION IN (X,Y,Z) RCS
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CODE LISTING

2 SUBROUTINE RPLRPL(ERT,ERP,MP,MPP)

4 C!!! DETERMINES THE REFL./REFL. FIELD WITH PHASE REFERRED TO
5 Cl!! ORIGIN. RAY IS REFL. BY PLATE#MP THEN BY PL.ATE*MPP.
6CU!!

* COMPLEX EF,E0,EX,ERT.ERP.EIX,EIY,EIZ
b DIMENSION XIS(3).XIJ(3),DI(3),DJC3VVAX(3.3),VAXP(3.3)

vlý io LOGICAL LHIT
10 LOGICAL LDEBUO,LTEST

I I COMiMON/IEST/LDESUG,LTEST
Q COMAMON/DIR/D(3).THiSR,PHSR.SPHS,CPHS.STHS,CTHS

1.3 COk!MON/GEOPLA/X(14,6,3),V(14,6.3),VP(14,6,3).VN(14.3)
14 2,MEP(14),MPX
lb COMMON/ZORINF/XS(3),VXS(3,3)

lo COIMUON/I'AAINF/XI (14, 14,3),VXl(3,3, 14)
17 COAMON/PIS/PITPI,DPR,RPD

wolb IF (LOEeUG) VNITE (6,101D
lY 101 FORMAT (/,- DEBUGGING RPLRPL SUBROUTINE-')
20j C!!! SPECIFY IMAGE POSITION AFTER DOUBLE REFL.

22 5 XIJ(N)uXI(AP,.4PP,N)
23 C!!! DOES kAV FROJY DOUBLE REFL. IMAGE HIT PLATE #'APP
24 CALL PLAINT(XIJ.D,DHIJ,-MPP,LHIT)
25 IF(.NOT.LHIT) GO TO 50
2o C!!! DOES DOUBLE REFL. RAY HIT ANOTHER PLATE
27 CALL PLAINT(XIJ,D,DHT,MPP,LHIT)
28 IF(LHIT) GO TO 50
2y C!!! DOES DOUBLE REFL. RAY HIT A CYLINDER
'(6 CALL CYLINT(XIJD,PHSR,DHT,LHIT. .TRUE.)
-1 IF(LHIT) GO TO 50
.32 CI!! C*OMPUTIE THE RAY DIR BETWEEN PLATES MP AND MPP (DJ)

CALL REFBP(PHJR,THJR,,PHSR,THSR.MPP)
Z4 IF (LUEBUG) WRITE (6,*) PHJR.THJR.PHSR.THSR,MPP
35 SPHJ=SIN (PHJR)
16 CPHiJ=COS(PHJR)

3' THJ=5IN(THJk)
-ý, CTHJ=COS(THJR)

39; DJ(I)=CFHJ*STHJ
40 DJ(2 )=SPHJ*SIHJ
41 DJ(3)=CT'HJ
42 C!!! SPECIFY IAAGE LOCATION FOR SOURCE AFTER FIRST REFLECTION
43 DO 6 N=1,3
<-4 XIS(N)=XI(MP,MP,N)
45 C!!! DOES RAY FROM FIRST IMAGE HIT PLATE #MAP
40 CALL PLAINT(XIS,DJ,DHIT,-MAP,LHIT)
47 IF(.NOT.LHIT) GO TO 50

3 48 DHIS=DHIJ-DHIT
49DHIS-DHIS- I. E-3

4.~ C! !! DOES RAY FROY' FIRST IMAGE HIT ANOTHER PLATE BEFORE PLATE MPP?
51 CALL PLAINT(XIS,DJ,DHT,MP,LHIT)
52 IF(LHIT.LND.(DHT.LT.DHIS)) GO TO 50
53' C!!! DOES RANS HIT A CYLINDER
5'. CALL CYLINT(XIS,DJPHJR,DHTLHIT,.TRUE.)
55 IF(LHIT.AND.(DH`T.LT.DHIS)) GO TO 50
56 C!!! KNOWING RAD. DIRECTION COMPUTE INCIDENT DIRECTION
57 C!!! ON PLATE #MP
58 CALL REFBP(PHIR,THIR,PHJR,THJR,MP)
5s,' IF (LDEbUG) IV.RITE (6,*) PHIR,THIR.PHJR,THJR.MP

60 SPHIftSIN(PHIR)
01 CPHImCO.S(PHIR)
o2 STHI-SIN(THIP)

6 CTHI=COS(THIR)
64 DI(i)-CPHI*SThil
6b DI(2)=SPHI*STHI

DI(3)=CTHI
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o7 C!! DOES 1kAY FROM SOURCE HIT ANOTHER PLATE BEFORE PI.ATE MP?
ob CALL PLAINTCXS,DI,DHT,'MP,LHIT)

IF(LHIT.AND.(DHT.LT.DHIT)) GO TO 50
10 C!!! DOES RAY FROM SOURCE HIT A CYLINDER
11 CALL CYLINT(XS,DI,PHIR,D)fT,LHIT. .FALSE.)

12 IF(LHIT.AND).(D)HT.LT.DHIT)) GO TO 50
tZ) C!!! COMPUTE DOUBLE REFL. SOURCE IMAGE COORD SYS AXES

14 DO 40 Nj=1,3
15 DO 401NI=1,3

70 4 VAX(NI,NJ)=VXI(NI,NJ,MP)
i7 CALL IMfDIRiVA.XP,VAX,MPP)
8i C!!! IF REk;L/REFL FIELD EXISTS COMPUTE THE SOURCE PATTERN FACTORS

7Q CALL SOUkCE(EF,EG,EIX,EIYE17..THSR,PHSR,VAXP)
6) IF (LIJEEUG) VRITE (6,*) EF,EG

81 C!!! CO.MPUTE PHASE REFERRED TO ORIGIN
82 GAM=XI(MiP,MPPI)*D(I)+XICMPMPP,2)*D(2)+XI(MP,3APP,3)*D(3)

8. EX=CEXP(CMPLX(f). ,TPI*GAM ))
84 C!-!! CALCULAIE FAR-ZONE E-PHI AND E-THETA FIELDS
85 ERT=EF*EX

80 ERP=EO*EX

b8 1,0 CONTINUE
89~ ERT=(0.,0.)

91 1 F (.11OT.LTEST) 00 TO 2
2 WITE (o~,3)

3 tFORMAT (/,, TESTING RPLRPL SUBROUTINE')
94 wITE (6,*) ERT,ERP,MP,gPP

95 2 RETURN
90 END
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RPLSCL

PURPOSE

To calculate the far-zone electric field of a source ray which
is reflected by a given plate and then scattered by the cylinder,

PERTINENT GEOMETRY

Jy

S"SOURCE CREEPING
LOCATION WAVE RAY A

i SOURCE

IMAGE PLATE MP
LOCATION REFLECTED RAY

Figure 101--Illustration of ray reflected by a plate

and then scattered by the cylinder.

METHOD

A uniform Geometrical Theory of Diffraction solution for the
field reflected by a plate then reflected or diffracted by a cylinder
is computed in this subroutine. The fields reflected or diffracted
by the cylinder are determined in a similar manner as the fields
calculated in subroutine SCTCYL. However, the incident field is found
from the image source for the particular plate of interest, as il-
lustrated in Figure 101. The image source fields are calculated in
a similar manner to those obtained in subroutine REFPLA. The phase
of the resultant reflected-scattered fields are referred to the ref-
erence coordinate system origin. The form of this field is then given
by

= ~ (ET§ JkR
lrs m(ET4+Epý) e-R

m P W409
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j L

where the factor and the source weight (Wm) are added elsewhere 1
in the code.

FLOW DIAGRAM[

RPLSCL (ETEP,ERT.ERP,MP)j

INPUT VAR IABLES
MP plate where reflection occurs

OUTPUT VARIABLES
ET theta component of reflected-scatteredfield in RCS

EP phi component of reflected-scattered
field In RCS e o

ERT theta component of geometrical optics
reflected-reflected field in RCS I

ERP phi comonent of geometrical optics
reflected-reflected field in RCS

}I.
Can

ray reflected
from plate illuminate No

cylinder surface?

Yes

ERT-O II ERP-O
Loop through cylinder

system•

Is

trazng nient etr Rtr

I
I
I
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Cmpute geomtrical optics reflected

tem (A .ox

Noreflect ed foi et(rm •lds

,. Ccwput: creeglnu •ave terti-so ncident re y tangent

resent
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ect
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No
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ft reflection fro

Perform creeping wave Comutations
(see pp. 109-113, Reference 1

Comute hard and soft cm~onent$
Of Creeing wave fields

r "t cattered field I
Comute grazing incidence scattgred field

Does

No fNo

wpt ni tP1,4? fo3rs-

inc. ra

d - .-.412



Yes ruzing incident point off 0

ýinit cylrder

IN

opt adadsf opnn
oficdn il
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SYMBOL DICTIONARY

ALh CYLINDER REFLECTED RAY PHI ANGLE IN
TAN POINT CCORDI'NATE SYSTEM (2-D)

ALS PHI ANGLE DEFINING DIRECTION OF RAY FROM RCS
ORIGIN TO SOURCE IMAGE IN TAN POINT COORD SYS

aX 1 X.Y,Z COM:.PONENTS OF POLARIZATION U!IIT'VECTOR
BY OF SOFT COMAPONENT OF FIELD INCIDEPfr ONiCYL (PARALLEL
8z TO CYL SURFACE AND NORMAL TO INC RAY PROP DIR)
CFH HARD TRANSITION FIELD COEFFICIENT
LFS. SUF'I TRANSI'!ION FIELD COEFFICIENT
I.EPH PHiI COIPONECT OF TRANSITION FIELD IN RCS
DE'i I THIEiA COI/.POI.ENT OF TRANSITION FIELD IN RCS
LUHI*| DISiANCE FROM. SOURCE IMAGE TO PLATE REFLECTION

POI'T (FROM PLAINT)
DIIIIV DISTAN:CE t:RCM PLATE REFLECTIOI: POINT TO CYLINDER
Dli-i DISiA!CE FROM SOURCE TO PIT POINT (FRQaE PLAINT)
ul U11I1i VECTOR OF RAY INCIDENT ON CYLINDER
uJ X,Y,Z COI.POtENTS OF UNIT VECTOR OF DROPAGATION

DIRECTION: OF SOURCE RAY INCIDENT ON PLATE
Er PATTEkM FACTOR FCR THETA CO.MPONENT OF

INCIDENT FIELD IN RCS
EG PATAiERN FACTOR FOR PHI COMPONENT OF

INCIDENT FIELD IN RCS
EHP PHI COMPONENT OF HARI) COMPONENT OF

FIELD IN1CIDEfT ON CYLINDER IN RCS
EHT THETA COMIPONENT OF HARD COMPONENT OF

FIELD INzCIDENT ON CYLINDER IN RCS
EP PHI COMPONENT OF CYLINDER SCATTERED E FIELD WITH

PHASE- REFERRED TO RCS ORIGIN
Ell DUT PRODUCT OF UNIT VECTOR TAIGENT TO CYLI.DER

ANDfl THE PROPAGATION DIR. UNIT VECTOR
ESP PHI COt.IPUNENT OF SOFT COMPONENT OF

FIELD INCIDENT ON CYLINDER IN RCS
ESI ThIETA COP, POtENT OF SOFT COMPONENT OF

FIELD INCIDENT Of! CYLINDER IN RCS
ET "hE-LA COPPONENT OF CYLINDER SCATTERED E FIELD WITH

PHAýE REFERRED TO RCS ORIGIN

EY PATrERN FACTOR FOR X,Y,Z COMPONENTS OFEz INCIDENT FIELD IN RCS

I VARIABLE USED TO STEP THROUGH TANGENT, POVITS
LHIT SET TRUE IF RAY HITS A PLATE (FROM PI.AINT)
LTkFI (REURwNEI) FO.OM RPLRCL) SET TRUE IF G.O.

CYLINDER REFLECTED FIELD DOES NOT EXIST
PRIR PHI COMPOtIENT OF PROPAGATION DIRECTION OF

RAY INCIDENT Of: CYLINDER
PHJR PHI COMPONENT OF PRODAGATION DIRECTION OF

SOURJCE RAY INCIDENT ON PLATE
S LENGTH OF VECTOR FROM SOURCE I:1AGE TO TAN POINT

(2 OR 3-I))
IHIR THETA CU:MPOt!EMIT OF PROPAGATION DIRECTION

OF RAY IIVI.EN.T ON: CYLINDE •
riiJri "TIETA COJ"PO,',fhI1 CF PROPAGATION DIRFCTrION OF

Solfh.CE IckY I NCII)FnT Oil PLATE
LLL AIJULF I)L.-Ii:INGN DOI NIT ERI- CNIEEPING rVE
L : l lF-S ,'Yl. I II)t1 l

VI CUL-L. A lI(;I.; I)•,r. " TJi 9,) ; INi *A "l .OENT PO I1TS (2-n)
vL I-LL ANIULI: f)EFINI1!( L(Alr-k RAN0.- OF CRIFPIf; I•NAVE

TilAvFL Oil 0 1.I1r:1-,1 (2-0)
VU RLI. At;&L:: rlI:F It:I ; tIPPER RA/IKi- OF CIlF.PIt1. hAVS

TRAVEL o(t CiLI?...I( (2-D)
ADt) XYZ Or'JtPOI ''+ ti- DIPCl(ruI ')v Or RAY iRo"
YO1 FoUtiC., 'I ) ! ! I1Pwi I' T "i! ViT ( INCI *ET
ziL 14AY FcR GRALPI;'(; ,I. (mAZI:I I V:-'. CA'I-'.S)
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i I I V4AV1 (tieU, i ()ING. v0AI) ,IEETS CYLHINEIR
xit x,YZ OF; P~VS0 ~AGE SOMJCE LC.VAPTIOf? (FOR

k~iLECTSIo:i ik0M PLATF AP)
APP X.Y,Z CO.1PU1NENTS OFe PO?1I i-NRE RAY LIFAVES CYLHD~)--R
£Aat X,YZ CPOt.ELTS Oi P011T V4EHIF CRFIfPV'Gý 'i

LFAVES *-YUtdaiR
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CODE LISTING

I Or
2 SUBROUTINE RPLSCL(FET.EP,6#T,ERPMP)j

4 C111f COMPUTES THE FIELD REFLECTED FROM PLATE #UP THEN
5 CI!! SCATTEREDI-RHOMI TIIIE ELLIPTIC CYLINDER
0 CiII
7 COMPLEX CJ.CP14.CI:.CFHCFS,FI,PPUPI,OFUN
b COMPLEX EIXEIY.EIZ,EZPHEJTH,ET,EP,EPT,ERP
9 COM4PLEX REF. ESTH,ESPN, EHTH,EN9H,I1E-Vh,DEPN.EF,EG

10 COMPLEX EST. ESP. EfNT, ENP
III DIMENSION V1(2),EP(2),LJN(2),l!-d2),DI(3),XRF(3)
12 DI)PNSIOIJ X1 S(3),DJ(3), VAX (3,3)
13 LOGICAL LHIT,LTRFI .LDEBUG,L7EST,LPF~I,LRFIT
14 COMMO4/CEOMEL/A.,ZC(2).SNC(2).CE32).CTC(2I
Is COkMON/SOPINF/XS(3),VXS(3,3)
10 COMMON/IMAIUsF/XHI14,14,3)VXI(3.3,IA)
17 CO-RMON/PIS/PI.TOt OPR,RPD
18 COMMMIGCTDAS, 10,AAS.SASO.CAS
IV COMMO/fI~I/)]/(3 1.THSRPffSR, SOS, CPS, STIJSCThS.

20CObW0H/uCOMP/CJ ,C!'!4
21 CQMONj~/BNtJICL/DTI ( 1),vTI ( 1,2), BfrI,( 4.

ý2 COI!JON/FUOGI /iEF ,ESTH, ESPH, EHrff, SNPH, (J- (3),QG A1110 DL~I.LLTIF I
23 C0":MN/-;ESTWtEQUG. LTL-S-
24 COMhIONCLRH I/LR,1c I C
25 EXTERNAL FCT
20 IF(LDESUG) NRITE(6.9G10)
27 %,00 F0OyAT(/',' DEBJUGGINLG RPLSCL gJBROUTIME')
2b m(l..

2p EP-m0.,0.)
SI ER~w(0.,rJ.)

-2 C!!f! CAN PLATE REFLECTED RAY ILL'J*!IATE CtWVEO SUFACE?
IFCOI(UP.LT.I. GOo TO 9(09

36 1:1 H LOOP THRU TANGENAT VECTORS
.3ts [R-FITo. FALS5E.

40 )Vli.2
41 3 -T

44 C! ft CALCULAI- AL;, n LeTED RAY DWI AUGL.E IS
Cf;'.!! TANGENT P NT CCC9D. SYS,
do ALRsZ)TAl( 2KA,.-&A! i 1

47 IF(LRLr * ALR*.PI`
4P, c I! 0 "iZRA3Z? IWJWZICý IS ýQESENT, Slit, TO

51 C!!! IF RLP-C:7,0 CONOUTE ý'Qi!9w xAA. TVJVS
IFIAL14-07,PI) "C TO Ic

!13 Cl f CWIPUTk aEPLEETED FIEL~D T'(w, IF ALP .LýE. ý'j
5 CALL $fPLRWL(TjiQ~oP3

Iss CU!I. ARE5 $EfLECThID F*Kiko Paisef-4

*4 1 IS fk ). AW~.tLiD vk 0*
64 W~A4 ~.~'5 70 TO1

&~0 OIOQIL/ccl.-M I) I
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6i 5KWCGa-ABS (2.*TP l*RHSlrjN/gM)
68 CF'w-SORT(-2./PI/SJwlQ)'CPf 4eQEF
89 CFuCF*CEXP(-CJ*8K1J!G*SKXiIO*SKWIG/12.)
70 TTR~mSKhtG/GA1
71 XXoPI.(DL#.Q,)*Tr*TTW4
12 Cill SPECIFY HANDI A140 SOFT CONPONEAITS, OF FIELD INC. Oil CYLINIDER
73 Cill FROM RPLRCL

S4 ESTwESTH
75 ESPOESPH
76 EfiTsEHTH

'$ EIPmEHPI4
78 GO0O703
79 10 CONTINUE
8e IF(LRFIT) LRFJ(MP)o.FALSE.

al LRFIT-.TRUE.
82 CI. COMPUTE CREEPING WAE TERMS IF ALRt *07. PI
8,1 C111 COMPUTE INCIDENT RhAY TANGENT POINlT
84 X I I-A'COS(VI(IJ~)
85 YII-8*SIm(V1C1))
86 xD.nxIJ-XICitP.WP, 1)
87 YDwY IIJ-kI MPJP., ,2)
as SmkS0RT(XV.X0+YI)*YD)
89 ZI1 *uSCT1HS/ST45#XI (UP. AP 3)
90 Clii IS TAN POINT Qil (FINITE) CYLINDE22
911 IP(ZIt.GT.ZC(IJ.XII*CTC(fl).R.
V12 2ZII.L1.ZC(2)*xIU'CTCt2) G0 TO I

V4 PIIIRsoTAHQ(YOxD)
915 DIN RuSTAN2 (S *ZGO)
96 SsSOIRT( E's#.~v#Z0
97 D1{I)wXV/S
95 01(2 )*YD/S
w9 D03)wZVO'S
1 ~00 Is NI,.3

102 C1111 DOES kEFLECTION OFF OF PLATE VP OCCURt?
103 CALL PLAINTf1ISOI .DUItT,-2P.L4IT)
105 ONSWAS-U141T
fto C11! IS RAY SHAOONEI) CB-TWEN REFLECTION MV fp4FFRtAC1Ifhi7

107 CALL. PLAINtT( 11S.OI,9WHtU40.U1IlT
168- 1FtLHIT-.AND.II2HT-LT-0HIv-) W I'D I
19V C1111 CALCULATE POCPAGATION OtRCTMNi OF QAY Z!1CIWI~T
IlaCII ON PLATE *P
1-11 CALL. ~~P~iQTJ,$IQT4~,P
112 TpK1JoSfNtpfuIU

114 SMOINCTIUIR)

Ia oe ~ JI )CoRJ#.5yj

ile DJitfloup-
CIII 011 IS W-CE RIAY -'4*A1OE0 WE)(E )#lTTWU PLATE~ V!P

121 IFILtyAn.I.L~HT D0 'TO I
Ia- CALL

00 :6 N43* .3
11 O U S.' SPKV&Y ýLgt 1" E4Al( AND. C ALUA

12, IDz toj

12VJ CALL SwýCV , . El 1.0 Y, l2 ei.7IPe;&-VAX'
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133 IFCI.EO.Z) VIwBTMIZ2(5.CPS,-A*SPS)

134 VDPwVD-VICI)

130 IF(VOP.LT.-PIJ VDPuVDP.TPI
137 !F(1.-EO.2) 00 TO 20
138 IF(VDP.LT.0.) GO TO I
139 VLmVI(I
140 YUwVCP+VJ(I)
141 GO0T025
142 201 CONTINUE
143 IF(VDP.OT.0.) GO TO 1
144 VLuVDP*VIUJ
345 VUai1(1)
140 25 CONTINUE
141 CALL FKARG(SKW1IO,ASVL,VU)
148 XýF( IJA*COS(V)
149 XkFC2).BSSIN(YO)

151 CALL. 00032cVL,VU,FCT.SS)
152 Essus/sASt
Wb XUFC3J-ZI I1.$S'aTHS
154 C!!I DOES RAY HIT PLATE AflEIt LEAVINO CYUIVOERI
1I5 CALL, PLA INTCIRF D.'DHJTOu,LI:IT)
ISO IMLJIT] 60 TO I
85is CA~LL UADCVtRGI.RT.VIUI))
158 CALL.&DVRFRV)

too CF.-0Wk$CPI4t4CEXP4--CJ*TIp1*(S.SS1)/PJ/SCIRT(2.*S)

863 XXkP I*S'ITRY*TflRM
104x-M DX-NZ).D1 C3)

105 DayU?1tI2.flWt3

107 ESO.1z
168 EN8 t ., V.

IOVC11 COHPFE!X"POltID SOFI.VT{2) *1*jWV C )ET

I) I S~e~I.8XESY.-WEZe3

#1 0 CUNT!KJE
115 W1! COPUT 14m SCATT&::O F4'cL.ý
I le US )flG1Q *ufttT

ITS CALL FItL'tCCC.t)l

lot ~ is DE]~ -ag, c' ýT
107 ~ Go TO

ve- 35 411kj ýIlj~rl mvV0.I
fQ <I! ývfo' 0,0 %XL~j-UP 01MC V tVAIML io'VISTI

-" --------- -



199 CALL REIBP(P.'k,THJR,PNSR,TNSR,NdP)
2" SPHJmSIII(PHJA)
201 CPHJcCOS(PHWR)

* 202 STILJSIuCTIJR)
203 CTHJwCOS(ThJR)
204 OJ( I ).CPkJ*S~h
205 DJ(2)e5PIIJ*S'INJ

*206 J3)=C~TtU
207 (.31! IS INCIDEN1T (SOURCE) RAY SHAMMOED BY PLATE OR CYLINDER?
2e8 CALL PLAINT(XS.OJ.DHT,NP,LI#IT)
209 IVPlIT.AflD.cDKI.LT.C*1IT)) GO TO I
210 CALL CYLINT(XSDJ PHJN DIIT LHIT,.FALSE.)
211 tF(LKIT.ANO.(DHT.LT.DH'IT))*GO TO I
212 Cill CALCULATE GRAZING INCIDEHCE POIN;T
213 SON=-5!GNU..'SIN(ALR))
214 XII=ACOSCVI(1))

*216 XDEX11-XlcNP-Mr',l)
211 YflsYII-XXCM4P,MP,2)
218 S*SORT( XD*XI*Y04'YD)
219 ZII-S*C'fiSi'STH,%#XI(4hSMP.3)
2201 CM! IS GRAZING IVC. POINST OF~F OF FINITE CYLIWnER?
221 IF(Zti.G;T.ZC I )*XZI'CTC( 1).OR.
222 2Z[I.LT.ZC(2)*XI,*CTC(2)) 00 TO I

22Z ZDZII-kI(AP#,mP,3)
224 $SxSRT(E-*S+ZD*Z0)
225 CALL R.ADCV(RGl.FtT.VI(C1)
220 Qd(nPI*IkCI )*.*( 1./3.)
227 DO 3o N34.13,
223 DO 36 34Iul,3
22' ., 6 VAX(N!.NJ).VXI(M41,Nxr1mp,
239) CALL SOiCE(EF,EG.E1XE1YE1ZTHSRP.sR.vAX)

232 zxt ktP 0 P,3)*lC3)))

234 8YwuU(l).OtM
2,35 ez*)DtI -tKtI)* OQ)
236 Cl 11. CALCULATE HAO ANM SOFT COMPONENTS ')F :1XIDENIT FUW)ýL

246 4STsEtX*6X4EIY*9Y.EIZ*82z

24

Hl et -CALCLA KE*L TofLJIT10 FIELD

246

*s I IP(LOEW- 1WHEt8.9) E3I.SKJM%'T .
IFW MOPE-NO ICfi(0. £4,CE9

a F CtDESOIU hiG)e)O~'.ES

* i~i.LI~.2)GO T

Z- a i.3's-TivRIX51MeYIEl

42 1
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•. SCLRPL

PURPOSE

To compute the far-zone electric field of a source ray which
"is scattered by the cylinder and then reflected by a given plate.

PERTI'IENT GEOMETRY

A
D

A

CREEPING
WAVE RAY "

XS

SO URCE
LOCATION

Figure 102--Illustration of ray scattered by the cylinder ,
and reflected by a plate

METHOD

A uniform Geometrical Theory of Diffraqtion solution for the
field reflected or diffracted by a cylinder then refle.ted by a plate
is computed in this s,,broutine. The fields reflected or diffracted
by the cylinder in the direction of the plate are determined in a
sinilar manner as the fields calculated in subroutine SCTCYL. The
direction of the ray incident on the plate is determined by imaging
the observatlon direction into the plate, as illustrated in Figure
102. The plate reflected fields are found by satisfying the boundary
conditions for the fields at the surface of the plate. The phase
of the resultant scattered-reflected fields are referred to the ref-
erence coordinate origin. The form of this field is then given by

420
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I ,

i -Es, r W,(T +E$ e-jkR

e-jkR
|] eJkR

where the factor and the source weight (Wm) are added elsewhere
in the code.

FLOW DIAGRAM

SCLRPL (ET,EP,ERTERP,MP)

INPUT VARIABLES

MP plate where reflection occurs

OUTPUT VARIABLES

ER theta component of scattered-
reflected field in RCS

EP phi component 6f scattered-
reflected field in RCS

ERT theta component of geometrical
optics reflected-reflected
field in RCS

ERP phi component of G.O. reflected-
reflected field in RCS

Can
ource illuinate cylinder? NoI Yes

ET-O
Compute propagation direction P2

of ray between cylinder and ERToO
plate ERP=O

Sý$pecify t~ngent vectorsI
Loop thru tangent pointsI [

Calculate ALR, the cylinder
reflected ray phi angle in
tangent point coordinate

"system

I YIs

ALR-w? (grazing Yes
incidence)

421

!

.1



IsI

ALR>w? (creeping Yes
wave)

Compute geometrical optics reflected cylinder fields

No .. rfetdfed

Yeses

IsI

Specify hard and soft components of
field incident on cylinder re-
flection point (from subroutineRCLRPL)

Compute creeping wave terms

Compute incident ray tangent
point

Is
es tangent point off of

finite cylinder?

No

422
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4.- Is
incident ray on Cylinder

Yes shadowed by aS'• plate?

No

Calculate incident field
pattern factor

Perform creeping wave collputat

Does

No creepin wave reflectto

i --*eYes

1. Compute hard and Soft

creeping wave components

Compute cylinder
Scattered field

COipute grazing incidence scattered field

IYes s

423
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""Calcul3te !ncident point on cylinder L
--Yes i Is pont of

-incidence off of finite
cylinder?

No

Compute source field

pattern factor

Compute hard and soft components
of field incident on cylinder |

Calculate grazing incidence[

Calculate total cylinder fields reflected from plate

Compute field components incident on
plate reflection pptnt parallel and

ptrpenlicular to plate

Cooute theta and phi comonents
of plate reflected field

Compute total theta and phi cmponen'ts [

of plate reflected field In RCS

424 [
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*1 SYMBOL DICTIONARY
Al I FIELD CO.MPOtJENTS OF RAY INCIDENT ON PLATE

A URMAL ANU *IANGEN'i TO PLATE
AJ DVETkdMINAr4T OF POLARIZATION TRANSFORMAATIONJ
ALH PHI ANJGLE DklFININGHO ktPAGATIOtJ DliRCTION If' TAIN

POINT COORDIN~ATE SYSTEM (2-0)
ALWS Ob-a-ERENch LFTW'EFN ALS AND ALR
ALS PHI ANGLE DEhFINlING DYrPCTIcN. OF RAY FROM RCS

ORIGIN TO SCURCE IN TA,! POINT COOflD SYS
UX X.Y.Z COM!PONJENTS OF POLARIZATION WVIT VECTOR
by OF SOFT %COAFC1ENT CF FIELD INCIDENT 0ff CYL (PARALLEL
uL TO CYL SURFACE AND NORMAL TO INC FIELD PROP DIR)
C11
C1 2 CUErFICIENTS USED TO CONVERT POLARIZATION FROM
C21I THEIA AN!) PHI COMPONENLTS IN RCS T3 COMIPONEP7S
C22 NOI&.AL AND 1ANGENT TO PLATE (AW) VICE-VERSA)
CFH HARD TRAN:11ION FIELD COEFFICIENT
(;Ft SL~i1I TRANSMi ON FIEL.D COEFFICI FNT
!JLP! PHI Co;.PONENrr OF TkANSITION' FIELP INI RCS

* O11i 11121A COMPOtit.14T OF TPANSIT!ON FIELIX IN RCS
DI X,Y. AND Z COMPOf.E!MS OF INCID)EVT RAY PIRECTION ON CYT. IN RCS
Di X,Y~Z CO.!POLU~ITS OF PPOPAGATION DIR~ECTION OF RAY

E!T-4E3IN CYLINDEli A!.1) PLATE IM! PC.S
El THEl{iTA CQ*;!PO1.EvJT C.F SOUR4CE FIELD PA' TERf? FACTOR IN RCS
EQ PHI C01.PONEVI OF SOURCE FIELD PATTERN) FAC1CR It! RCS
kHP iJHI C0.MPONE1WI OF HAP!) COVPOJE!T (W GEOME'PICAL

OPTICS rFIELIV It'CI'VEtT Off CYLI.:rERI 1%~ RCS
tiiT THETA COM.PONEN!T (A- HAtrt CQOIIC:NEIT OF GEOPETh5ICAL

OPTICS F-IELD INCIDEN:T Of: CYLINDE.1 It! PCS
ER DOT PkOLUICT Or: CIrLInnflE TANGENT UNIT VEECTO'R AND' RFtLE'-CT~Fl

RAY PROPAGAIION DIRECTIOt: (2-0)
LHp PHI CUO'PQ&.':T OF G.0. PEPFL-IIFFL FIELD It' lICS

1fTE*1A* C0".iPOI i-' C.F G.0. wlrFI.-dEFf. FIELDl I' RCS
tsp PHI COMPONLt"I OF SOFT CO?*f.P!)fI1 Oi4 G'oETIICAL

C;PfICS FIELD INCI)EI11 or cyI.;:r. IN Rs
rSI IHE'IA CO0!POIJE.11 C.; SOFT co'1,0*;E:T OF ';EO,'1Ti!ICAL

PHIiN PHI COMPONENT Ur IC:' RAY VIRE~CTIflf M CYL
PHJII PHil CUMPOllNT (Yr RAY PROPAGATICH; DliK~Ct ? rM"TE'

CYLINDER All[ PLATE
SKhI'W PARAM'ETLi 1U1513) IN YWA:;SITIO,' 1.1ICLTIO!1

7 fHI N THETA Co'POI4ENT GF IN~CIr'EPT PkY II EECTI(;P V CYLI¶)FA-r_
rH~iN THETA CO!*4P(i2ENT OF RAY PWOPAc.ATIC4 !'IPECTIOP- rAFTWhEE CYLI~'!Eq

AND PLATE
I I kNo PARAMETL-W USED IN ThANSITIO?' FUNCTIO"'
fXI X,Y CUMPUNENTS OF RAY FiC.ý' SOURCE

TfyI3 TANGENT TO TAN PUVIT 1 (2-0)
IX2 X,Y COM!POIJW.TS OF lRAY FWCP SOW1Ces
I'Y2 J TANUEI.T To *IANI PUNT 2 (2-C)
Ub X,Y COMPOIIEfl-S OF WNIT VECTJR TANGENT TO CYL AT T.Al! "~I"T
UN X,Y COMAPUNENTS OF W)IT VECTOR '0~4AAL TO QYL At TANl DCWTjvi ELL- ANGLE LSlI-:) 10 UE)[?!E TAWPST POI':71S (2-,-)
VL ELL ANGLE DIEFIiN(; 1.0hi~ LI:'41T OF CREEPPK1t VIAV7 TWAVEI.

ONJ CYLINDER
vi X,YZ COMLPObENTS OF POLANjIZATMIC UNIT VECT('P PhRENPWIIILAP

10 PLANIE OF 1lC -'. - FOR RAY IN"CIDEMT 0." PLATE
v L ELL ANGLE WMFINII:G 11PPER L_1117IFT CRFUPIP1 AVnL TRAVEL

UN CYLI?")CR
A)X,Y,Z COMPWOt.'MT OF 1)IWFTIOI' CF RAY FW')?
YO SuUrCE TO C)Lti Nnýh rtf:'1F?.T P01 PT ( I:Czn):irr
i AY I-UR CWI.-1P111"; AMOl ('4AZI~t; INC. CAFFS)

YiI X. Y*L ClJOIP4.Etii' OF: P('UINT WIIE!X :c:; r 1.L!I
ILI A'ji- (Oil (UWZITIIG -1AVE YLI-yiS CYLI'IDI4x.

Akb X,Y.Z LQ'Y.'UII117 0()- WFLIECTIC)' PCI.:) L~.cNiU 0." ;1LATa. ý
ALSL. I.AAOL C,- X10 IN PLATE "D

AL{~PJIr~I!IHECP!T1C*lt~IEAE4ZL5ITE



CODE LISTING I
S~iJtiCUTINE SCLlPL( ET.EP.E1?T,ERP.V'P)

4 C11i CCIAPUIE1 TillE PFILD SCATEEUEP FRO'I TI4E CYLI'lr'-, TIIE?? RFFLECTED
L. 1.0 I! ~ou&I PLA~TE 41P

irCOMPLEX REF. ESTh.EspH, EHTi EPI4 .pp~ET'4,i)EPHm EF. SO
IL COMPLEX EST,ESP EfITIEHlP.IAA2
.11 [)IMEJSIIJJ VI(2),ER(2).lJN%(2),tJO(2).DI(2).XrtF(3),(RS(3).VT(3).flJ(3)

12 LOGICAL LHITL-flFJ,LDEAUro~i.TFST,LRFS.Lr,,-sT

1,4 2,MEPCI4),APX
15 C0VNION/GEOPEL/A, P,ZC (2).S'JCC2),Cl"iC(2 t CTC(2)
lo COIAMON/!O~ld,'/XSC3),VXS( --.3)

Ilb COKOI.t!L'101Ac, I1.,SAS.SASP,CAPS
I ' COiNCJN/DI 14/) (). THSR, PHSP, SPS.CPS, S-N'S,CTI4S

2k CO&M4N/'i HP11VD.I)() ,VP (2)

-COL.W ON/L NUSC!JDTS, OVYSC ) 3~TS (4)

24 CW%)A!AO1EST/LL)EIUG*LTEST
C09Ait9J/CL~j:S/LRFS( 14)
EXTER4NAL FL'T

.1 Lill! CAll SUUkCE ILLU'!IZATE CYUIDER?
I4HL'TS.LT.-i.5) trO TO 90V

CU!! CO04PUTH P14CPAGATION DtRECtfoll OF PAY eEThS.EE'i
01Ci! CYLINDih AND PLATE

CALL ItEFI P(PHiJi, THJR,PIJR.THSR.-4W)
VAiIUSSINCIH.11

CTHJ M2ot(T1hJiR)
U. W(I ) CPKJ*s-Ahj

42 VjJt3)uCIHJ

ASwPI-Tfj.JP
44 SASwrSPI(A5) I

4) SASPsAhS(SI1'(Aý-k'.5*P1))
40 CAS-COs(As)
4, Liii SPl:CI#:Y TANG17T vEiCTCIRS
4hi TX h4 i( I )

Ui ( I )mTXlI*CP IJ*TY I'S PliJ
i 'k W).?*tcPKJ+Y2*SPt4J

U.i Cit .OOI) 1194,~ MG01"1 VaUCT'et?

jai

%ICAU% I ICI4JU NUOSlL

G A11 i~mIAt $1U6PA Ui,-CI I))

04 01 C AC1.6t- * lh La d .. F) P.1 . :1.%l*T ! f(gFV A 11TfinSS
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o~ ! I Ii ~'AZlJIP~~'~C IS 1 PW.SEIET. SKIP TO APPPOPRIATS SECTOP'
1$ (AlSC Pt-ALl)I.Ti~) ll) r 'O TO 5IO~' L'!!I IF ALIl lb G.I. THAI? P1, tfIyflrrITE Mi:H lfI,; W~AVE~ TF."S

ik) I-(AU.L.PI)GO O 10
71 L1!! COM1PUl: 0.0. IfEFIUCTFL t-ILLP TERIIS IF PLR I.E.. PI

12CALL. HCLRPMNLHTERPO!P)I i- C111 AWE I4EFLECTF.D FItELMl PRESEN"T?
14 IF(UfHIJ) GO TO I
is SNASsLN( I )*XS( I ).,'IP(2)*XS(2)

ICw2*I-1
#7 CSAS=uhTiSIC)*XSC t).PiS(!C.I)*XS(2)£1 ALS-BTAt:2(StIAS.-CSAS)
7, ALRIS=ALh-AI.S

blu LMI IS IiEFLECTIC.: TO 5E FAN4ULED I1I1IH OTHEiw TANl VECTOR?
II IF(AOS/I.LRS).LT.0.4.OR5.P 9'L!).I.En.2) GO TO I

6Ž: 00A~SL.-.~i)G TO I

CF -LWnC (-2I.) /P(I C.)*Ii P I -*/C1

bo lTh:!=SKl IG/01

v9 ~ CM! SPJECIr;Y 0.0. IWErLECTED PIE!') Cc.,POI'EfS (Flioý" REFOYL)
I. EST-ESTY.

IV2 ESPMESPIF
EIITWEHTI:

1 GO 10 1h.

It-(LkiST) LRFS(?'P)u.FjkLSE.
L*hkSTu.T-jIJE.

'.LI!! CC-ýIPUTE Ci1EEPING WAVE ThE'.IS IF AL.R G,-. PI: ~I& toI.11 CUtAPUTE I~lc!P~lil kPY TArWFIT PCIIrT
ILI XIwA*COSLVIUl))
hIt, YI -b'S (vI V( 1))

Yt~wYI-X8'2)
It t, So SORT( ~XD*.IYlU.Yt)

iWo ZI uSvCTIQ.JSTI J+XSC2)
I Lt CI!! 15 Tgl'UBT PC!14 ON CYL1"?,E?17

I')', 2Z...C2*ICl(J GO TU I
Ihi AONZI-XS(2)

I . SwSoiitTC *S*Z1r*Zr#;

I It 11 .1 -VE lk~l:L-I;T Y Hl'. PLATE REFONE CYL1?IflER?

I lo CALL P. W(~~l II,'L;T

1t L CI I "AWCLAIE IN-CINE~-lT .!&IEI1~ P)TTEh1iI FACTIR
ii CALL S~C(h.!,!.IN.II~VS

41 IrtLNEWC.I~.) it.lo 71 1I.F

J V~q1."~iIIto
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Ij/ Vfm I C I )

e.! CONI I1,111
CALL 1tR~u(SK;:IGAS.VL.V1J)L

14t. XW$C 1);;*Cos(vlj)

I'2 IU-3
14.. CAU. LU(X,3?(VL,VU,FCT,SS)
144 SSuSS/SPS

145 XiHa(3)m2!*SS*CTNJ

14 O 2o N-1.3

14~b C!!!i DOES CREEPUr'G i#'PvE REFLECTIONJ FUQrW PL,1TF
143, L-U! tP CCCUhý

I~. CALLPL!T .S . DJ,.U4)
1~.t 1 C~rT.LHI) G TO I

552 LM! lb W.AY !HAVO1OVEC XNYV.I'EýE?

15'. lt-fl-PT) 00 70 I

lbo. ID-(LIIT) GO) 1*C 1
157 CALL PLAINT(Me1.t)J,DST,.IP.U'IT)
I5 bM F(LHZT.ANL'.(')FT.LT.DHJT)) GO TC I

lo CALL QA1)CV(kU1.PT.V1(I)3
I cv CALL IeAVCV(RCr#.4T.D))
li c a *1Nu 1 P*RtU wkF) ** ( I ./.s.
1 (2 CFIG!,CP14*ýXPf-CJ*T'PI*(S.SS))/PI PPT(&. *S)
10. LM! CZ4PU171 PHASE TEMW.
I0 CALL 1:fAGtE(X1r. XIE.AR ,MI)

I it. aUf:C2 )*,)1 CI)-U!~( I )'O1 (2)

0~ LU CuUMP~it iRAid) AND) SOFI C'iE:;P11#Iw E Ctuz2POIJF:TS
174 EilPu!j XUN{ I ).+IY'eflCZ5

0t) E~fCF[LO.2) ~u-E

lbi

II
II

7v I..c IIý' l. t 4-oC~
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SClU! IS kAY !HAL9mzLV A!FYlIIHE!L?
CALL. L ia)S ) ~l*'PL!fI IHLHIT) G(; To I

212 CALL CY~J(k,.HS.!TL7 .TRUE.)
26;' Ih-(LHIT) 00 10 1

b-r4 CALL LPT)'.)flT'P1!)
20tT.U.~H...LlJ) GO TO I

20II CALC*&ULAT IM))rlPN
2kl X~uI-AKCSCI)(

2)] Y[)-Y!-XS(2)
212 SaS&i*?T( X*XI).YD*YLUJ
21.3 ZI wS'CT57VJ/S+X'S.X3)I214 CUI IS POINT; 01- cjItZING INCIDENCE OFF OF FlrITE CYLI'.'DER?
21o 2ZI.LT.ZC24*XI'CTCM2) 0O *I0 1

21'0 ZD-ZI-Xs(3)
2)8 5-S(lHT( k*!).ZL*Z0)

22 i!CALCULAIE IMIDiE F:F:) S ATTECJP4fFI OFACYLFIN

-. (4!! CAL0CULAE WAS T4UinGI41)VESDtID ZUj 224 CAL ITflAG(Xh.~tOS.IXSTlReCP

242 b* 6x l(2 *fJ )u I'tP.)-. ( I )-*f(2tI).t)
22I *V# Cit CACUl I)R 'P:44)Sj.T Cj' mipilS Of~ ).aJCypJL c -F

I ~ ~ ~ a IF(UIWEt rIg) 6. 1.tIHiZ.

204.ý.2 ES-S2I
114i C-S CP1*P - 0 4^RVP9 S

Ii . !CLUAI 4ZN NICESPTkDFE



~U~j WC!.LiE.2) CC TO 3
2041 WI&' CONT I NUi

27 ZIC6* YESIINGSLP . ICOT:E
271 IehITE(c',*) ERT.EURP

2'*2 k ETV 1-11
273 END
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"SCTCYL

PURPOSE

To calculate the far-zone fields scattered by the elliptic
cylinder's curved surface.

PERTINENT GE'ONETRY

CREEPING 0 I
WAVE RAY TAN POINT I ,..REFLECTED RAY

'7, LOCATION

- TAN POINT 2

. Figure 103--Illustration of roflected and creeping wave
scattering by the elliptic cylinder.
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SOURCE

/LOCAT ION

Ay

D xi

XRF

DII

SOURCE
LOCATION

Si gure -014--Geouetry of cr1e~ing wave scatteriftg-

jT + X X?)*I A(3



IA

Y T

DALR

VLS

SOURCE
"LOCATION

Figure 105--Geometry of angles of cylinder
scattering probl..

• y

SOURCE
LOCATiON

Figure 106--t1l1ustration of tan point
coordinate system.

I i IU(1) + uN8(2)
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METHOD

A uniform Geometrical Theory of Diffraction solution[61 is
,sed to compute the reflected and diffracted fields of a source
in the presence of the curved surface of an elliptic cylinder.
"In a given observation direction the solution contains two terms.
In the lit region the solution is composed of a reflected field
and the dominant creeping wave field, as illustrated in Figure
103. In the shadow region the solution is composed of a clockwise
and a counterclockwise creeping wave field, as illustrated in Fig-
ure 104. The reflected field and creeping wave fields are modified
versions of the usual GTD solution, that is, they are obtained
from a uniform solution that is valid at the shadow boundaries
(tangent point vector regions) and that goes to the geometrical
optics solution in the deep lit regiond and the usual creeping wave
solution in the deep shadow region. The solution is presented
in Reference 6 and on pages 112-113 of Reference 1. The phases
of the reflected and creeping wave (or transition) fields are re-
ferred to the reference coordinate system origin. The fields are
combined and the total field scattered by the cylinder is given by

-E e-JkR

s Wm(ET + EP$•)R

where the factor -- and the source weight (Wm) are added else-" where in the code.
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1.
4. FLOW DIAGRAM

SCTCYL (ET,EPERT.ERP)

OUTPUT VARIABLES
ET theta component of cylinder scattered

field in RCS
EP ph~i component of cylinder scoittered

field in RCS
ERT tfoeta ;omponent of geometrical optics

reflected field
ERP phi component of geometrical optics

reflected field

Can

soure illuminate 
cylinder? 

No

Specify tangent vectors

* ,Loop through two tangent vectors

ALRw,(grazing Yes

< ALR >ceeI n Ye

II



Compute geometrica optics reflected fields

Compute G.O. ray path and fields
incident and reflected from 7

the cylinder

Y s ecf hadandle byofthfeldr oet

an Subrouie rEFYL

T-.

Compute tangent point for incident
ray kn,)winq 2-0 tan point and theta
component of propaqation direction,.

THSR

Is

of finite cylinder?

No

Yes < ray hit a plate before the
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Calculate Incident field
pattern factor

*Pprform creeping
wave computations

," -e ra i-lt fe

C_7ompute phase term

Compute hard and soft creepin
wave components

-jCompute grazing incidence scattered field

Dos
14~pon ofgesi incidentcaitapae?

No

II

-aYspitogrznrniec
of. of cyiner

6 ., *- .** ~~ Q*~~*~~ C..No

.11.437



iI

7Calculate Incident field-
pattern factor

Calculate phase term

Compute hard and soft
components of incident

field

C a total grai 'n
Inienesattered fiel

1I

,II

m mmi:,4 38
-A"& Kt

!:I



L SYMBOL DICTIONARY
ALH PHI ANGLE DEFINING RADIATION DIRECTION IN

TAN POINT CCORDINATE SYSTEM (2-D)
ALRS DIFFERENCE BETWEEN ALS AND ALR
ALS PHI ANGLE DEFINING DIRECTION OF RAY FROM RCS

ONI ;IN TO SOURCE IN TANGENT POINT COORD. SYS
AS ANGLE BETWEEN CREEPING WAVE PATH ON CYL AND LINE

PARALLEL TO Z AXIS
BX X,Y,Z COMPONENTS OF POLARIZATION UNIT VECTOR
BY OF SOFT COMPONENT OF FIELD INCIDENT 01 CYL (PARALLEL
BZ TO CYL SURFACE AND NORMAL TO INC RAY PROP DIR)
CF COMPLEX PHASE AND RAY SPREADING COEFFICIENT
CFH HARD TRANSITION FIELD COEFFICIENT
CFS SOFT TRANSITION FIELD COEFFICIENT
CSAS DOT PRODUCT 0.' CYLINDER TANGENT UNIT VECTOR

AND VECTOR FROM ORIGIN TO SOURCE
D PHOPAGATION DIRECTION UNIT VECTOR FOR RAY

SCATTERED FROM CYL IN (XY,Z) RCS COMPONENTS
4 DEPH PHI COMPONENI OF TRANSITION FIELD IN RCS

DEIH THEIA COMPONENT OF TRANSITION FIELD IN RCS
DHIT DISTANCE FROM SOURCE TO HIT POINT (FROM PLAINT)
DI X,Y,Z COMPONENTS OF UNIT VECTOR OF PROPAGATION

DIRECTION OF RAY INCIDENT ON CYLINDER
&E PATTERN FACTOR FOR THETA COMPONENT OF

INCIDENT FIELD IN RCS
EG PATIERN FACTOR FOR PHI COMPONENT GF

INCIDENT FIELD PATTERN FACTOR IN RCS
4 EHP PHI COMPONENT OF HARD COMPONENT OF

FIELD INCIDENT ON CYL OR CREEPING WAVE FIELD IN RCS
EHI THETA COMPONENT OF HARD COMPONENT OF

"FIELD INCIDENT ON CYL OR CREEPING WAVE FIELD IN RCS
Ell~~
ElY X,Y,Z COMPONENTS OF INCIDENT FIELD PATTERN FACTOR
EIZ
EP PHI COMPONENT OF CYLINDER E FIELD WITH

PHASE REFERRED TO RCS ORIGIN
EN DOT PRODUCT OF UNIT VECTOR TANGENT TO

"CYLINDER AND THE PROPAGATION DIR. UNIT VECTOR
ERP PHI COMPONENT OF G.O. REFLECTED FIELD
ERT THETA COMPONENT OF G.O. REFLECTED FIELD
ESP PHI COMPONENT OF SOFT COMPONENT OF

FIELD INCIDENT ON CYL OR CREEPING WAVE FIELD IN RCS
EST THETA COMPONENT OF SOFT COMPONENT OF

FIELD INCIDENT ON CYL OR CREEPING WAVE FIELD IN RCS
ET THETA COMPONENT OF CYLINDER E FIELD WITH

PHASE REFERRED TO RCS ORIGIN
"FI PARAMETER USED IN TRANSITION FUNCTION
GM VARIABLE USED IN TRANSITION FUNCTION
I VARIABLE USED TO STEP THROUGH TANGENT POINTS
IC INDEX VARIABLE
LHII SET TRUE IF RAY HITS A PLATE (FROM PLAINT)
LTRF (REIURNED FROM RPLRCL) SET TRUE IF 0.0.

CYLINDER REFLECTED FIELD DOES NOT EXIST
PHIR PHI COMPONENT OF PROPAGATION DIRECTION OF

RAY INCID.:NT ON CYLINDER
ROF RADIUS OF CURV OF CYL AT POINT XRF IN X-Y PLANE
Rol RADIUS OF CURV OF CYL AT INC RAY POINT ON CYL IN XY

p.PLANE
S LENGTH OF VECTOR FROM SOURCE TO TAN POINT (2 OR 3-O)
SINA DOT PRODUCT OF CYL UNIT NORMAL AND CYL SCATTERED

RAY PROPAGATION DIRECTION UNIT VECTOR
SKWIU PARAMETER USED IN TRANSITION FUNCTION
SNAS DOT PRODUCT OF CYL UNIT NORMAL AND VECTOR FROMI: ORIGIN TO SOURCE
THIk THEIA COMPONENT OF PROPAGATION DIRECTION

OF WAY INCIDENT ON CYLINDER

3I. -

"•:-'.<'.',.• - " •:;.,.••,.•-• • • :;• •; , r : ,.•':• ,"• ,.,. . ..; . T. ., .• • ".,.•. ••,. . :,•• .. S .- ,-.• ;.•. .,• •,• ,.':, ,'• -• ,,;•L•:;, -:.V -•439-• '.,.Vj V,•



TTkM PARAMETER USED IN TRANSITION FUNCTION
TXI ' X AND Y COMPONENTS OF UNIT VECTOR OF RAY FROM SOURCE
TYI IANGENT TO TAN POINT I OF ELL CYL (2-D)
TX2 X AND Y COMPONENTS OF UNIT VECTOR OF RAY FORM SOURCE
TY2 TANGENT TO TAN POINT 2 OF ELL CYL (2-D)
UB X,Y COMPONENIS OF UNIT VECTOR TAN TO CYL AT

TAN POINT (2-D)
UN X,Y COMPONENTS OF UNIT NORMAL TO CYL AT TAN POINT (2-D)
VL) COMPUTATIONAL VARIABLE
VDP COMPUTATIONAL VARIABLE
VI ELI. ANGLE USED TO DEFINE TANGENT POINTS (2-0)
VL ELL ANGLE DEFINING POINT WHERE.CREEPINO WAVE

MEETS CYLINDER
VU ELL ANGLE DEFINING POINT WHERE CREEPING WAVE

LEAVES CYLINDER
XD X,Y,Z COMPONENTS OF DIRECTION OF RAY FROM
YD SOUKCE TO CYLINDER TANGENT POINT (INCIDENT
ZD RAY FOR CREEPING AND GRAZING INC. CASES)

YI X,Y,Z COMPONENTS OF POINT WHERE INCIDENT CREEPING
ZI hAVE (OR GRAZING WAVE) MEETS CYLINDER
XPP X,YZ COMPONENTS OF POINT WHERE RAY LEAVES CYLINDER
XRF X,Y Z COMPONENTS OF POINT WHERE CREEPING WAVE LEAVES

CYLINDER
XX PARAMETER USED IN TRANSITION FUNCTION
XXS PARAMETER USED IN TRANSITION FUNCTION
XXX PARAMETER USED IN TRANSITION FUNCTION
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CODE LISTING

2 SUBRWJTINE SCTCYL(F.T,EP,ERT,ERP)
3 Lil
4 CiII OTD SCATTERED FIELD OF AN ELLIPTIC CYLINDER
b Lill
0 COMPLEX CJ.CP14,CF,CFH,CFS.FI .PFUN,OF'JN
7 COMPLEX EIX,EIY,EIZ,EIPH.EITH,ET.EP,ERT,ERP
b COMPLEX REIF *ESTH.ESPK, EHTH. EHFH. DETH .DEP4, EF,JEG

io COMPLEX EST,ESP,EHT,EH.P
10 D1IMENSION VI(2).ER(2),UN(2).UBC2) 01(3) XRF(3)

*III LOGICAL LHIrt'LTRF,LD)EBUG,LTEST,LRAC, LHFT
up 12 COMMOtI/GEOUAEL/A,B.ZC(2),SNC(2).CNC(2).CTC(2)

13 COMMON/SOR INF/XS(C3), VXS( 3.3)
14 COMMOti/PIS/PI,TPI,DPR,RPD
15 COMMON/(JTD/ASsID*SAS*SASPCAS
16 COMMON/U)IR/D(3) THSRPHSR.SPS.CPS,STHS,CTI4S
1 7 COMMON/COMP/CJ,CP14
lb COM(MON/BNDSCL/DTS,VTS(2) ,BTS(4)

* ~io, COMMOtI/FUDG/REF ESTH.ESPH,EHT1I,EHPI4.XR(3),RI3.RHOI,DL,LTRF
20 CORMON/i EST/LDEiUG, LIEST
21 COMMON/CLRFC/LRFC
22 EXTERNAL FCT
23 ET=(0.,O.)
24 EPs(O.,O.)
25 EHT-(0.0.)
20 ERPa(09.)e
21 CI!! CAN SOURCE ILLUMINATE CYLINDER SURFACE?
2b 11;(DTS. LT. -I1.5) GO TO 90 9
2V' Lill SPECIFY TANGENT VECTORS
302 TXIwBTSIl)
31 TIYinBTS(2)
i2 TX2=BTS(-)

14 ERCI)OTXI*CPS+TYI*SPS
33 R(2 )TX2*CPS+TY2*SPS

36 CIII LOOP THIqU TANGENT VECTORS
37 Jul
b8 LRFCT**FALSE.

io VICI)-VTS(I)
I'40 VI (2)*VIS(2)

41 I3F(LDEOUG) WRITE(o,900)
T 42 WO FORMAT(/.- DEBUGGING SCTCYL SUJBPOUTINEO)

43 3 CONTINUEI44 CALL NANDB(UN.U8,VI(I))
45 SINAmUN( I)*CPS*UN(2)*SPS
46 C!II CALCULATE PJ.R THE PROPAGATION DIRECTION PHI ANGLE
41 Lill IN TAN POIN4T 60ORDINATE SYSTEM.± 48 ALU-l3TAN2(SINA.-ER(I))

41o leALR.LT.C.) ALR-ALR+TPI
561 Lill IF GRAZING INCIDENCE IS PRESENT, SKIP TO APPROPRIATE SECTION
bI IF(ABS{PI-ALW).LTd.0*085) GO TO 5
b2 C11I!IF ALR IS G.T. THAN P1. COOPUTE CREEPING OAVE TER'(S
b 3 IF(ALR.GT.PI) GO TO 10
54 CIll IF ALNI4.ER. PI, COMPUTE 0.0. RAY PATH A11D FIELD
5b WitI COMPONENTS
60 CALL REICYL(ERT,F.RP)

5f IF(LTRIF) GO TO I
be SI4ASOUI(I)*XS(I)*UN(2)*XS(2)

00 CSASUBTS(IC)*XS( I)*BTS(IC.I)*%S(2)
01 ALSo8TAN2(Stl#St-CSAS)

02 ALMSwALh-ALS
o.3 CiII IS REFLECTION TO OR IIANI)LED WITh4 OVHER TAN VECTOR?
04 IFtAbSCALRS).LT.tl0085.AND.1,EO.2) G0 TO I
05 IF(ALRS.LE.-0.(*i$5) GO TO I

06 GMC(PI*hG)**(I./3.'
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o7 I*ISsRHOI*UL/(DL-RHOII
ObSIWI Cu-ABS (2 .*TP I*RHS/GM/GPA)
ov CFu-SORT(-2./Pi/SKHIOC)*CPIA*REF
U CF=CF*CEXP(-CJ*SKWIO*S<g'II*SKWIG/I2.)

0iU!1 SPECIFY HARD AND SOFT COmPONEIJTS OF FIELD
74 CIII INCIUENT ON CYLINDER (FROMI REFCYL)a
7o E5PwESP8

ENT-ENHh
EHP-EHPPII

7%, GO TO 3V

bI IF(LI*CT) LRFCw.FALSE.
1:2 L~t:CT3.TRUtE.

853 Lill CUiNPUTE CREEPING WVAVE TERMS IF ALR .GT. PI
84C!!! COMPUTE INlCIDENT RAY TANGEN4T POIFIT

8b XI-A*COE(VI(3))
8oc YIUB*SI?4CVI(I))

8, Xi)XI-XS(l)
ba YI)=YI-X!(2)
by SaSORT( XD*XD+YD*YD)
90 ZIaS*C2THS/ST14SXS( 3) W

irI Lill IS TANGENT POINT OFF OF FVIITE CYLINDER?
iW I(ZI.Gs.ZC( l)+XI'CTC(I).OR.

93 2ZI.LT.ZC(2)+XI*CI'C(2)) ý;o TO I
Irl ZLuZl-XE(3)
%5 PHIN4ETAN2CYD XD))

s - DI (I )uXl!/S

P DI (2 ).Yi/S

ICI Lill DOEhS INCIDENT R~AY HIT PLATE BEFCNE CYLINDER?
1022 CALL PLAINT(XS,D1I.D*UT.vI,LHUI)

10' IItCLHIT.AND.(I4{!IT.LT.S)) GO TO I
104 Lill CALCULAIE INC11,WNT FIELD PATrEPK FACTOR

Itb CALL SOURCE(E,,EG.r1X,FIY.EIZ.THII,.PHIR VXS)
Iwo Ij-(LOEiBUG) P'IdTE(604*) EF.EG 1
I F& * LI 11 PER)-Oi4 CREEPING UAVE COPPUTATIOINS
IfIb(I.EO.I) VN~BTA)42(-U*CPSA*SP!)
joy ~ItHI.EO.2) VDmOTAIIZ(e*CPS.-A*SPS)4F

Ilia(IWL.-I VDPmVVDP4TDI
III IFCVtOP.jT.PI) VflD*VDP'-TPIL

11.3 Il-dIdiQ*2) G0 TO 203
lit, fl(VVP.LT.O.) GO TO I

IIj VLuV(If) k
tic VUMV!DP.vl(j)
It's GO TO 25
lid 211 CONTINUE
livI W(VP.C7.0..) W0 TO I

1213 VUQVIPV(I)
li 6 CW~TINU&

123 LALL FKAfKIA.LVI125
120 IPej

1,27 CALL. UC(,32(vL,VU.FCTSSl

13v~ Cl! UI I ES 14AV till PLATE AI1TE- LCAVING CYLPIPER?
1.; I CAL.L PLAI"tIW(2l.0,VIIT,V.L'VIT)

I~2 W(LHIT) GO Tq I3
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CALL kAVCV(AGi.RT,VI(1))

18CFsCF*CEXP(CJ*TPI*CXkE(I )*fl( l),XRF(2)*D(2).XRlF(3)*flC3f))
I,19 flWMuSKhId/0JM
14W XXsPIaS*'iT1ft*TTRM

i141 OX-UI4(2)*01CQ)
142 BYaUNtI)*DI(2)
143 bZsUIN(2)'DIC I)-tJN( I).QI(2)
1 44 P*U,.
145 EHTs(ae..0.)

4. 140 Lill COMPUTE FARD! AND SOFT CREEPIIU1 WAVE COMPONENTS
141 EHP.EIX*UN(1 ).EIy*IIN(2)
148 EST-LIlX*BX.EIY*BY+EIZ*DZ

I s% IH(I.EO.2) EST-FST
b51 -aJ CONTINUE
1b2 C.1!i COMPUTE INE TRANSITION FIELD

153 xx=SuSO1(TPI*xx)
154 fXaXSOR1TCZ.*)X/PI)

b CALL FRNELS(CcCC,SSS,XXX)
Ibo FI CIIPLXC(0 tS-CCC. SSS-C.-5)
1b) FI*XXSnIl*CEXPCCJ.(.S*PI+XX))

* -Ibti Fls-FI/SKWIO/SQRT(2.)
159 EOTPaSOhTC2..PI)
IOU CF1ICF*(FISOTP*QFUN(CSKt!II))
lot CFSuCt,*(FI*SOTP*PFUH(5)XUIO))
502 D~PHmCFH*Z*IP.CFS*F.SP
10: I DETHuCFH'IEHICFS*L'LT

*1o4 wT
a' lo b CONTINUE

16o lIII COMP'JEE G4AZING INCIDENtCE Tf1ANSIT! (II FIEWD
t o! CttI DOES RAY HIT PLATE?

l08 CALL. PLPINV(XS,,D.DITSI.LiIIT)

I '1 Yl~uBSIII(VI(.I))AR

114 XUUXI-XS(t)

1r16 SaSOHTCZDOxO.Y~Us)J

176 ciI Is POI191 OF (flZNO INCIDENCE OFF OF FINITE CYLIOSER?

Ohl IZ.LT.ZZCcZ)flkI*CWC(2 GQ TO I

'4 ba CALL IALCVI*ROIQTV1(t))
1114 Gim(PI*ItCII*'I1./*3.)
IbCI CALCULAIEI*,C!UCI4 FIELD) PAI'MhA?! FACTOR4
1180 CA!.OLL C(ii¾t.Idjz~S,~QVs
$81 Lill CALCULATE POEASE TE11M

I Vf 8Is-11lC2 I)of)(3)
1$1 %a! Z)09N(1.OI )-tuV )o0(21
IQ 12cIft CALCULAIE Hafl -414) SU4T awtP01sgq OF IKt1OEv4 FIRM)

HOW6 I Xdl!tiO' I61t4E14P~ t2rIv W1.0S.21 MoEST-T
I p. CFIbOM~CVIt 'Cote(N1(0. )/Si2CT (PtI &SI

lvii CF S*C-m.PI4.to nwfit. IJtVWr!VT( S)

UU
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IwvCilI CALCULAIE TOIAI, GPAZI14G It:CtL)tl.CE I-I ED

2kI I MPH w(d.5*EG*S(WCFII.EHfP ,*CI
202 0 CONTINUE
2io.z LI11 CALCULATE TOTAL CYLINDER~ FIELDS

2U4 EPsEP4'DIPH
2U5 ETwETDETli

2&IC I 1-(L)EBUGI Hkh1TI(6.*) I.SKV.IG,)X.FI.Ca-
207 IF(LDEBUO) tl#ITE(6,*) CFH,CFS
20b tFLEOG WRITEC,.*) EHT.EST

2(aip I(LL3ERUG) NRITE(6,*) EHP.ESP
210 IF(LDEBUG) WRtTE(6,*) DOETH.DEPIP

212 IFII.LE.2) GO TO 3
2 1 a W%,i CLINTINIJE
214 IF(.NOT.LTEST) R~ETURN

210 1,10 i:ORMAT(/,o TESTING SCTCYL SUBRCUTIIJE')
211 WRITE(6.*) ET.EP

256 ItIlITE(6.*) EiRT.ENP
219' RETURN
220 ENDO
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"-. SOURCE

PURPOSE

To compute the source field pattern factor for radiation in a given
direction from the source.
"PERTINENT GEOMETRY

Zp

. r 4

Noe oedienioa soreawysaog a
1A

4A

I

rZ

O A

N

'-': / /--- D-OLE SOURCE

i ~Figure 107--lltustration of one dimensional source (dipole)

. -Note - one dimensional source always along zp axis
• p

If. 5



YP

0
ii I

tI

NIAPERTURE
SOURCE

•. zp

Figure 108--Illustration of two dimnsional (aperture) source.

"Note - two dimensional source always in x,-zp plane with current
in the ip direction.
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METHOD

i The source distribution is given as follows

1(z -H H
line source: Cos p -n0X2 y P Z50

K(z K P v k

M(ZP;x~) {p 4I -AW HAW

aperture source: MzI Cos -r,7 p S~Oy <XP

HS--• _.1 Z;, 17•

where xp, yp, zp are unit vectors of the source coordinate systees
SA a•A

X = x VAX(1,l) + y VAX(1,2) + z VAX(1,3)

.y - x VAX(2,1) + y VAX(2,2) - z VAX(2,3)

"1 = x VAX(3,1) + y VAX(3,2) + z VAX(3,3).

The far-zone electric field is given by

-~~e-jk 
s,

Sp.#) E p p z p)F x(6P.) e so

where for an electric source.

% 0  IH, liesur
0 .0 JIHnAWaperturesouce

"and for a magnetic source,

Sp, Ni HA)V, Wperture Sou rce

i m - -.. .. -~ - .L , -,' ---" ..- ,

7. i "" ' • ... . .-..-



and where

sinO cos(nH cosO )

(1-4H2 cos2Op)

F( = 1 , line source
-- • sin(7r HAW sine cos)

p p aperture source.H JAW si ne Cos*

Note that all diagrams and formulae on this and the preceedinq pae refer
to the source coordinate system. The subroutine returns the iel com-
ponents in the reference coordinate system.

The far-zone E-field radiated by the source is then given in the
reference coordinate system by

A A -jkR
Wm(FARFO+FARG)

m R

or

"E(x,y,z) W, Wm X x + I EIZ z) e'j~A A A

-jkR

Note that the factor e and the source weights (W =1 ,K,J, or M )
are not included in sub outine SOURCE, but are addedmel~ewYerg in thA
code. Note also that the interpolation fields are not fully imple-mented in this version of the code.
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i,.

FLOW DIAGRAM

SOURCE (FARF.FARG.EIX.EIY.EIZ,THSR.PHSR,VAX)

INPUT VARIABLES
THSR theta component cf ray propagation direction

in RCS
PHSR phi component of ray propagation direction

in RCS
VAX xy,z components defining the source coordin-

ate system axes directions in RCS components

OUTPUT VARIABLEF
FARF theta component of radiated field pattern

j factor in RCS
FARG phi component of radiated field pattern

factor in RCS

EIX
EIY xy,z, components of radiated
EIZ field pattern factor in RCS

Take dot products of the radiation direction
"in RCS and source coordinate system axes unit

vectors to compute radiation direction in
source coordinate systemp.

SCalculate 8 , the theta polarization unit
vector of the ray in the source

coordinate system

Transform - to 9 and
components in ihe reference

coordinate system

If fields are to be calculated If fields are to be computed
from source current distribution: from E and H plane data taken

1. externally:

7"
Compute theta and phi compo- Calculate theta and phi com-
ponents of pattern factor ponents of the pattern factor
using cosine-tapered line by interpolating E and H plane
source (or aperture source data to the given radiation
with cosine taper along the direction
z axis and uniform distri-"bBtion along the x axis)

field pattern factor in RCS

lom

" * 4
S~449
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I~Ii
I

SYMBOL DICTIONARY

AWFAC PATTERN FACTOR (FX) OF SOURCE FIELD DUE TO XP
DIMENSION OF APERTURE

BF INTERPOLATION VARIABLE
CPHP COSINE OF PHP
CTHP COSINE OF THP
EFN) INTERPOLATED E FIELD
EFED E PLANE SOUhICE FIELD PATTERN MEASURED VALUES
EX COMPUTATIONAL VARIABLE
EXI PATTERN FACTOR FZ
F DOT PRODUCT OF THETA UNIT POLARIZATION VECTOR OF

SOURCE COORD SYS AND THETA UNIT VECTOR OF RCS
FW ARGUMENT OF PATTERN FACTOR FX
O DOT PRODUCT OF THETA UNIT POLARIZATION VECTOR OF

SOURCE COORD SYS AND PHI UNIT VECTOR OF RCS
HFD INTERPOLATED H FIELD
HFED H PLANE SOURCE PATTERN MEASURED VALUES
IT INTERPOLATICN VARIABLE
PHP PHI COMPONENT OF RADIATION DIRECTION IN

SOURCE COORDINATE SYSTEM
PHSh PHI COMPONENI OF RADIATION DIRECTION IN RCS
RDX DOT PRODUCT OF RADIATION DIRECTIJN AND XP AXIS

UNI1 VECTOR
RDY DOT PRODUCT OF RADIATION DIRECTION AND YP AXIS

UNII VECTOR
SPHP SINE OF PHP
THP THEI'A COMPONENT OF RADIATION DIRECTION IN

SOURCE COORDINATE SYSTEM
THSR THETA COMPOLENT OF RADIATION DIRECTION IN RCS
VAX X,Y,Z COMPOWEITS DEFINING AXES OF SOURCE

(OR SOURCE IMAGE) COORDINATE SYSTEM
XTH X,Y,Z COMPONENTS OF THE THETA POLARIZATION
YTH UNIT VECTOR OF THE RAY IN THE SOURCE COORDINATE
ZTH SYSIEM (IN hCS COMPONENTS)

4
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CODE LISTING
I C- --- ------------- ------- - - ---- ---- -- -- -- -- ---- -

2 SUBROUTINE SOURCE(FARF.FARG,EIX,,EIY,EIZ,ThiSR,PHSR,VAX)
3 Cl!!!
4 Cit! SOURCE FIELD
5 C;!.

0 COMPLEX EX,EIX,EIY,EIZ,FARF.FARG
COMPLEX EFED(I),HFED(I).EFD,HFD

B DIMENSION VAX(3,3)
* 9 LOGICAL LSOR

I 0 CO1MIMiN/FARP/ I M.H,HAW
III COMM01ON/PIS/0I,TPI,DPR,RPD
12 COAMON/SOURSF/FACTOR

*13 COMIMOll/FEDDAT/EF ED, HFED
14 CTH5=COS(THSR)
15 STHS*SIN(THSRi)
lo CPHS'coý(PHSR)

I/ SPHS=Sli(dPHSR)
18 CU!l TAK~E DOi PRODUCTS OF THE RADIATION DIRECTION UNIT
19 Cl!! VECTOR AND) SOURCE COORD SYS (PRIMED)AXES
20 Cl!! UNIT VECTORS TO OBTAIN THP AND PI-P (P'(OPAGATION
21 C!!! ANGLES IN THE SOURCE COORD S'xSTEM)
22 CTHP=VAX(3. I)*CPHS*STHS+VAX(3,2)*SPHS*STHS+VAX(3,3)*CTHS
23 RDX=VAX( 1,1 )*CPHS*STE4S+VAX(1I,2)*SPHS*STHiS+VAX( 1,3)*CT1-S
24 RUY=VAX(2, I )*CPHS*STHiS+VAX(2 92)*SPIS*STHS+VAX(2,3)*CTI4S
25 STHP=SORT(RDX*RDX+RDY*RD)Y)
20 CPHP=RDX/STHP

21 SPHP-RDN/STHP
28 C!!! CALCULATE THETA POLARIZATION UNIT VECTOR FOR -ZAY
29 CIU! IN SOURCE OCORD SYS ADD REPRESENT NITH X,Y,Z
30 C!!! COMPO1EliTS IIN ThE REFERENCE COORDINATE SYSTEM.
31 XTH=VAX( 1,1 )*CP14P*CTH4P+VAX(2.1 )*SPHP*CTI-P-VAX(3,1I)*5Th'P
-2 YTH=VAX( I,2)*CPHP*CTHP+VAX(2,2)*SPHP*CTHP-VAX(3,2)*Sl'hP
.33 ZTHUVAX( l,3)*CPHP*CTHP+VAX(2,3)*EPHP*CTHP-VAX(3,3)*STI:P
34 C!!! TRANSFOkM THETA POLARIZATION UNIT VECTOR TO
35 C!!! RCS COMPONENTS
30 F=XTH*CTHS*CPH S4YTH*CTHS*SPH S-ZTHi*STPHS
37 G=-XTfi*FPHS+YTII*CPPS
38 IH(IM.EO.3) 00 TO 10
ý9 C!!! CALCULATE FIELDS USII'G COSINE TAPERED LINE SOURCE
40 C!!1! (OR APERTURE SOURCE VIITH4 COSINE 'TAPER IN ZP DIRECTION
41 C!!! AND UNIFORM DISTRIBUTION INI THE XP DIRECTION)
42 EXI-uSTIlP

7143 ACTHP=AbS(CTHP)
44 IF(ABS(ACTHP-.5/H).LT.I.E-5) 00 TO 5
45 EXI=2.*H*STHP*COS(PI*H*CTRIP)/( I.-4.*H*H*CTHP*CTRIP)
40 GO TO 6
4'1 5 EXI-.25*PI*SORTC4.*H*H-1.)

748 it CONTINUE
49 AWFAC=1.0
50 IF (H AV1. LT.0. 1) 00 TO 7
5I FW"PI*HAP,*STIIP*CPiiP
52 IF(ABS(Fi) .L.T. 1.E-05) FW=I .E-05
53 AWFAC=IIAW*SItN(FVI)/FM
54 EXlwEXI*AWFAC
t55 EX-CMPLX(O. ,EXI*FACTOR)
50 FAkF=F*EX*00.

71 FARGOG*EX*60.
!)8 C!!! USE DUALITY FOR M!AGNETIC CURRENT SOURCE
59y IF(IM,.E0.IWAR0O=-F*EX/TPI

00 IF(IM.EG.I lFARF=G*EX/TPI
o1 00 TO 2o
02 10 CONTI1NUE
o3 C!!! CALCULATE FIELD)S DY INTERPOLATION E MJID It-PLAIIIE DATA
04 C111 (TAKEN EXTERNAI.LY) TO THE GIVEN RADIATION DIR1ECTION
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ot) CTIHFaSPHP*ST14P
60 OFuCPHP*CPHP*SThiP*STHP.CTHP*CTHP

08 THFwDPR* B3TAN2 ( STHFC0THF)
09 ITF-THF

Io IT-ITh14
71 EFDR-EFED(IT)+EFEDdIT.U)-EFE0IT))*CT!F-ITF)

12 HFO=HFED(IT)+(HFEDilT+1)-HFED)(IT))*( iIF-ITF)
IW(At3S(r-F).LT.I.E-3) GO TO 15

1 4 EX-EFD*CPHP*CPHP*STHP*STHPHFD*CiJiP*CHPP
lb EX=EX/13F

41 15 EX-EFD
78 lo CONTrI NUE
79 FARG~-F*EX

80 FARF=0*EX
81 20 CONTINUE
82 CH! COMPUTE X,Y,Z COMPONENTS OF SOURCE PATTERN FACTOR

85 El XFARF*CTVS*CPHS-FARG*SP HS
84 El Y-FARF*CTIIS*SPHS+FARG*CPHS
85 EIZ*-FA1hF*STHS
86 RETURN
87 END
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SOURCP

PURPOSE

To compute the normal derivative, •, of the incident field pat-
Stern factor for source ray incident on a given edge (to be used in slope

diffraction computation).

PERTINENT GEOMETRY

An
0OA

b

DIFFRACTING
P A EDGE

bp

Figure 109--Geometry of source field incident on plate edge.

"METHOD

The slope field is given as follows:

3n s' sinO 30
0 0

where

sine cos(wH cos8p) sin(r HAW sinep €oS) e-kAs'

TO (1-4H' Cos 8) w HAW sinep cos p/ s~ t

Fz(ep) F x(0poP)
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For electric source

fA 
line source

0 HIn H , aperture source

e-Jks'

Fz )F (e 4.) 7- Eep ep

o ýOp Op3I

aE aep ! 3E 0~

3E8  (3F (0)a(8~
~~ ~ + F~ P

36 E 8 X~e~p 38a

3F (8 * ) -jks'
3EO E0(Fp (0 L ý £-,..-I
.z2 p 30 s

sine COS('rH cose )

z (1-4H Cos Op)(oe

22 1-
[ -8H 2  2os p i o HcasO )3 023,
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sin(ir HWsine Coo~)-~ASn~o*

8F sin(,r HAW sine Dcos* )
cotep ~cos(w HAW sineyosy -f-

3F 
P

3F si ( HAW p p pCOS 6osCu ir HAW sinepcos.ý )
- tA sine COOSP~l

-sinsopo~op

slp n$ AO A

I. ao 0  sin 0 oo

AA

AA

p=sine VI + cosO eI p p p p

x =XTH + YYTH + zZTHep

A x XPH +y ypH z ZPH

I ,Opx

4
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combining,

3E_ j! rim '[F VI -( x2 :
~fl iT~ HAWJ otz axzejP

sieFz -ýOp p - cote PF xF; ? ]

The slope fields for a magnetic source are delived in a similar
manner yielding

.E 'm (aA 3F~y
Z4 H F~nAJ O.FXF VPI -(azF + F~an~~ ~ ~ IF %AW .[ aJxpp

1 FA A e-Js
sine z ao LF PP + P X ZpIxzpj~,

p p

The normal derivative of the inpident field,.9i , is returned in corn-
ponents perpendicular and parallel to the edge (referred to as hard
and soft components):

an n t/ + an ap o0P

Acoustically Acoustically
hard case soft case

an WEIRP0 + EIPLP aOPI SI

-~Jks'
Note that the factors e ,along with the source weights (VmIM,

KmJmj or M.) are added elsewhere in the code.
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FLOW DIAGRAM

SOURCP (1EPIP.EIPIP,VI ,.PfNP,VAX)

1. INPUT VARIABLES
VI xy, and z components of incident ray

propagation direction in RCS
PflO phi unit polarization vector (4w) of

incident ray In edge coordinate $ystm
•" tn ReS components

w• theat& unit polarization vector (S ) of
I nCident ray In edge coordinate s.stem1in RC$ components

VAX 30 array of cmponents defining the
source coordiate system axes unit
vectqrs In RCS components

OUTPUT VARIABLES
EIPRP incident slope field perenWdcular edge
EIPLP incident slope field parallel to edge

.Tke dot products of VI and source coordinate systen
axes to obtain the sine and cosine of 0 and saml

Calculate 6 and 4 polarization unit vectors o! field In
sourCl coord•nate system (in RCS conep nts)

Calculate slope Incident fields-

4

21
I| ]

I
I
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SYMBOL DICTIONARY

ACThP ABSCLUTE VALUE OF CTHP
ARG ARGUMENT OF FX
SOP XY,Z CO•MPONENTS OF BETA POLARIZATION UNIT

VECTOR FOR RAY INCIDENT ON EDGE (EDGE-CENTERED
COORD SYS)

CPHP COS(PHP)
CTHP COS(THP)
El COMPUTATIONAL VARIABLE
E2 COMPUTATIONAL VARIABLE
EA COMPUTATIONAL VARIABLE
EB COMPUTATIC14AL VARIABLE
EFA PARTIAL DERIVATIVE OF FZ WITH THP
EFE FZ DIVIDED bY SIFICHP)
EKC PARTIAL W FX K1111 THP DIVIDED BY COT(THP)
EFD PARIIAL OF FX WITH PHPEFE FX TIMES HAN

EFF PARTIAL OF FP NI1H THP
EI PLP SOFT COMPONENT OF THlE SLOPE FI ELDS
EIPkP HARD COMPONEKr OF THE SLOPE FIELDS I
PHO X,Y,Z COMPONENTS OF PHI POLARIZATION UNIT VECTOR

FOR RAY INCIDENT ON EDGE (EUGE-CBITERED COORD SYS)
PtiP PHI COMPONENT OF PROPAGATION DIRECTION IN SOURCE

COOD SYSs
PPbO DOT PRODUCT OF PHI POL UNIT VECTOR OF SOURCE CCORD

SYS AND BETA POL UNIT VECTOR OF EDGE-CENTERED
COORD SYS

PPHO DOT PRODUCT OF THE PHI POLARIZATION UNIT VECTOR
OF THE SOURCE CCCOD SYS AND THE PHI UNIT
POLARIZATION VECTOR OF THE EDGE-CENTEREk
COOWDINA]E !YSTJER

RDX DOT PRODUCT OF VI AND XP AXIS UNIT VECTOR
RoY DOT PRODUCT OF VI AND YP AXIS UNIT VECTOR
SN SIGN OF COS(IHP)
SNAWG SIN( ARG)/ARG
SPHP SIN(PHP)
SThP SINITHP)
THP THEIA COMPONENT OF THE PROPAGATION DIWECTIM , IN' THE

SOURCE COORDINATE SYSTEM
TPBU DOT PRODUCT OF THE THETA POLARIZATION UNIT VECTOR

OF THE SOURCE CLORDI NATE SYSTEM POWD THE BETA
POLARIZATION UNIT VECTOR OF T4E EDGE-CENT-FRED
CO-,D0INATE L'YSTEli

TPl4u DOT PRODUCT CF THE THETA POI.RQIZATIUM URiT
VECTOR OF THE SOURCE COORDINATF SYMTIF AW lHEPHI POLARIZ'•ATION UNIT vECTOit OF THE E-CEJ•TE;E0

COORDINATE. tYsiik
vi X,Y,Z COWPONENTS OF THE RAY PROPAGATION

DIRECTION IN RCS
xPf I XY.Z COYPOSENTS4 OF THE IHI UNIT POLP.IZATI"N
VPH r VECTOR OF ThE FIELO IN THE SOURCE CCORDNATE
ZPH J SYSiE* IN RCS COWPONENTS
XIH IY.Z COmpoENTS Of vitE uhETA LtIIT POL-4AI oZ'.4
YIN vu-ClOk Of THE FIELD IN THE SOURCE CC4DMNATE
ziN SYSiEM IN Rcs ClupitliT"5s
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CODE LISTIN4G

2 SIJHROUTIME SCURCPI ElPRP, ElPLP.VI ,PHO,BOP,VAX)

4 C1i1 IHCIIMi1 SLOPE FIELD
¶~cill

6 COMPLEX EIPRPEIPLP
7 DIMENSION' V(3),PNO(3),BOP(3)

8DIMENSION VAX(3,31
v LOGICAL LSOQ

30 CO&Wt)N/FAMP/1U ,HIAW
ii COkMMOR/PIS/PI,TPI.DPRRPO
12 COAM~tr/SvUHSF/FAaO0R
I ' C!!I TAKE DOT PHOPUCTS OF VI AND PRIMED AXES TO OBTAIN THE SINE
14 CIM AND COSINE OF 110 AND PHP

lo NDYSVICI)*VAX12, I).VI(2,.VX(2,2)4VJC31*VAX(2,3l

,tI t! STHP-SOIRTI Roe DX 1. DYSItIY
I i CPfPNRDI/STMP
2 V SPffPNO4Y/SDIfP
21 C!!' CALCUALIE THELTA ANDQ PHI! POL. U!?!! VECTORS FOR RAY
22 UMI lu SOURCE COW~i SYS (IN ACS COYPIENIJS?

-21 XTlUVAX( 1, I t*CPtiHP*C vn 12 * I2. )*S9P*CpT8P-V.AX( 3, 1 )CSIP
24 YTMfVAX( 1,2 )*CPtiP*CTKP4V AX 12,2)SSPHIP*CTIP-VAXI 3,2IeSDIP
25 ZTH*VAX( I,3,*CMP14 T~P+aVAXt2,3)*S-PtfPiC.1P--VAX(3,31*STHP

20AP~i-SPEtPtVAX( I 1* I)CfP*VAX( 2, I)
27 YPda-SRPIIPVAXI 1,.2) *CPtI2*VAXC 2,21
28 ZPNt-SPIfP'VAX( I3C9PVX2S
Z'# C!I CALCULAE S-LOPE IICIDENT FIELDIS
30 EAoCOS(PI*fl*OhlfP)

3I ED-P I'*.Sr;HP.STI~r*5IN(PI VI'#C'thP)
32 ACTHPeAbStCTilPI
33 IF(A$S(ACTHP-65/i).LT. I.E-5) 00 TO S
34 El1-I .-4,. *;fflICIIp'CTflp

ctu.-4. *$PetiC2 .-CTi PtCTHRD)
30 EI'AftC§E2 FA*CHP/ E I.E8) A I

30 G 0r

CIrQ IF *PtI

'r C011 COMPUTE V007 P11OMTS OF RAY MI.ARIZATI01' UNIT VEC7014S
4A 0I!11$ AND 431 VECTII PARAL.LEL t : ýI1EPEDCVAR To --SrE

45

51 DE 1'AUttWIL~.~OII~lA.'

fimA" f C(CS I AflI-P%0

piFD S;t.7M F(0f$CP.LWb' I P-fsAge-t.
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ojEl PLtw-2 .*Fi*CtPLX(C. hE X2 )*6,. *FACTOR
ou RTUkil

67i 1k) COINTIUUE
ON EX I wh-F ~T~PH*OPHtJýF-1* El- fn* pPPRPP~4OoCl I l!EC*~.PMT' 0

ElIPkP-2.*tI*CUPLX(0. .EX I ) *irCTOIf/TP I
71 E IPLPn2 .. Cý'PLX J. CX2) t+ACTOP/TPI
72 NETUHU1
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1.L

1.• TANG

PURPOSE

To compute vectors fran a source that are tangent to the cylinder
in the x-y plane.

"PERTINENT GEOMETRY

x

A

T, TANGENT POINT #1TT

SOURCE
LOCATION

1x.I y

•-* ,-TANGENT POINT # 2

""T2

Figure 11O--Gewetry of source vectors tang - t the
"* .cylinder in the x-y plane.

!T A Lcos(VT(l)) + 8 sin(VT(I))

XT 2 A cos(VT(?)) * y 6 sin(Vt()
0 8T(-;,n (1) T(2)

j I iBT(3) *ST(4)I2
4 461ii
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METHOO

The unit tangent vectors are determined by solving a set of
equations found by setting the incident vector from the source equal
to the general unit tangent vector to the elliptic surface. Details
are given in pages 90-93 in Refereaice 1.

FLOW DIACRAM

TANG (DT.VT,BT.Xtf

INPUT VARIABLE

XS location of source in jxyz) RCS coordinates

OUTPUT VARIABLES

OT dot proGqct of i: :tors of tangent
rays T. Tr

ST x and i c' ponenu of unit vectors of
source rays tangent to Cylinder in RCS

VT elliptical angles defining tangent
points in ERCS

,-Can
sourceiliatcyids a

curved surface?

Yes

Calculate twgent iay elliptic angle and
tangent unit vector for tangent

point #X

Calculate tangent ray el'liptic angle and
tangent unit vector for Set tangent angles

tangent point #1 and tangent unit
vectorsO.
Set DT,-2 as flag

Take dot productof the
tangent unit vectors (DT)
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SYMBOL DICTIONARY

AA DISTANCE FROM SOURCE TO TANGENT POINT
AL COMPUTATIONAL VARIABLE
1BB DISTANCE FROM ORIGIN TO TANGENT POINT
"BET COMPUTATIONAL VARIABLE
BT X AND 7 COMPONENTS OF TANGENT UNIT VECTORS IN REF COORD SYS.
CV COSINE OF TANGENT POINT ELL ANGLE
CVF COSINE OF VE
DT DOT Pi.ODUCT OF UNIT VECTORS OF THE TWO SOURCE

RAYS TANGENT TO THE CYLINDER (2-D)
DVI ANGLE VI IN DEGREES

* DV2 ANGLE V2 IN DEGREES
El • ERROR DETECTION VARIABLE
E2 ERROR DETECTION VARIABLE
RHOE DISTANCE FROM Z AXIS TO POINT WHERE RAY FROM ORIGIN TO

SOURCE INTERSECTS THE CYLINDER
RHOS DISTANCE FROM SOURCE TO Z AXIS
SV SINE OF TANGENT POINT ELL ANGLE
SVE SINE OF VE
SX X COMPONENT OF RAY FROM TANGENT POINT TO SOURCE
SY Y COMPONENT OF RAY FROM TANGENT POINT TO SOURCE
TIX X COMPONENT OF TANbENr RAY UNIT VECTOR (TAN POINT #2)
TXY Y COMPONENT OF TANGENT RAY UNIT VECTOR (TAN POINT #2)
T2X X COMPONENT OF TANGENT RAY UNIT VECTOR (TAN POINT #1)
T2Y Y COMPONENT OF TANGENT RAY UNIT VECTOR (TAN POINT #1)
VI ElI ANGLE DEFIV4ING TANGENT POINT #2
V2 ZLL ANGLE DEFINING TANGENT POINT #1
VE ELL ANGLE OF RAY FROM ORIGIN TO SOURCE
VT ELL ANGLE DEFINING TANGENT POINT LOCATION IN ERCS
"XS SOURCE LOCATION
XT X-COMPONENT OF TANGENT POINT LOCATION
YT Y-COMPONENDT OF TANGENT POINT LOCATION
XY COMPUTATIONAL VARIABLE
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CODE LISTING

2 SUbROUTINE TANG(DTV~I,8TXS)

4C!!! CUMPUTEb TANGENT VECTORS TO ELLIPTIC CYLINDER FROU4 SOURCE

0 DIMEJSIGN VT(2),BT(4),XS(3)
COMMON/PIS/PI,TPI ,DPR,RPI)

b COMMON/uEOIAEL/A. B,ZC(2), SNC(2),CNC (2). CTC(2)
RHOS=SORT(XS(l )*XS(1 ).4XS(2)*XS(2))

10 C!!! CAN SOUhCE ILLUMINATE CYLINDER SURFACE?
11 IF(R.4OS.GT.A.AND.RHOS.C3T.5) GO TO 20
12 Ik-(RfHOS.LT.A.AND.RHOS.LT.B) GO TO 10

VE*BTAN2(A*XS(2).B*XS I))
14 CVE=COS(VE)
15 SVE=SIN(VE)
16a RHOE=SOIkT( A*A*CVE*CVE+B*B*SVE*EVE)
1-1 C!!! IF SOURCE CANNOT ILLUMINATE CYLINTDER, SET ANGLES
18 C!!! TO ZERO, SET FLAG, AND RETURN
IV Ii;(RHOS.GE.RH-OE) GO TO 20
20 10 CONTINUE
21 DT--2.
22 VT())=0.
23 VT(2)=O.
24 BT(I)=0.
25 BT(2)-0.
20 ST(3)ua'.
27 ST(4)=0.

2b RETURN
29 20 CONTINUE
.30 XY=!3*B*XE( I)*X5( I).A*A*XS(2)*XS(2)
31I AL-A*A*E~*iWXY
.32 9ETthSORT(XY-P*A*B*ýPi/XY
-3. C!!! CALCULATE TAN AUlGLE AflD TAN UNIT VECTOR FOR TANl POINT #2

.34 XT=AL*XS( I)+fi*A*BET*XS(2)
a35 YT=Al.*XS(2 )-B*B*I3ET*XS( I)
36 '-'1 ;.-N2(A *YT,B* XT)
37 NJ N(V I
.38 CV-CUS(VI)
39 SX=XS(I)-A*CV
40 SY=XS(2)-B*SV
4.1 AA=SORT(SX*SX+SY*SY)
42 BB=SORT( A*A*EV*SV+B*B*CV*CV)
4.3 EI=SORT( (SX/AA+A*SV/BB)**2,CSY/AA-D*CV/EB)**2)

44 TIXuA*SV,'BB
4!) TIYu-B*CV/BB
46 C!!! CALCULATE TAN ANGLE AND TAN UNIT VECTOR FOR TAN POINT #1
4i XT-AL*X,( I)-/*A*BET*XS(2)
48 YT-AL*XS(2 )+B*fl*BET*XS(I)
4S, V2-BTAN2(A*YI,i3*XT)
50 SV=SIN(V2)
51 CV=COS(V2)
52 SXmXS(lI)-A*CV
53 SY-XS(2)-B*Sy
54 MASO)RT(SX*gXiSY*SY)
5b BB=SORT( A*A*SV*SV+R*B*CV*CV)

56 E2=SORT((SX/AA-A*SV/PB)**2+(SY/AA+B.*CV/BP)**2)
57 T2X=~-A*SV/BB
58 T2Y=B*CV/OD
b9 CIII TAKE DOT' PRODUCT OF TANGENT UNIT VECTORS
00 DT=TIX*T'2X+TIY*T2Y

ol DVI=VI*PIPR
62 V2=V2*DPR

03 VT'(I)=V2
64 VT(2)-Vi

asý IT(I)=T2X
00 !3T(2)=T2Y



61 BT(3)-TIX
08 BT(4)-Ti Y

oy IF(EI.GT.I.E-5)WRITE(6,I)DVI,EI
70~ IF(E2.Gri.I.E-5)VNRITE(6,I)DV2,E2
71 FORMAT( IH ,'ERROR IN TANGENTr SECTIONt 'j2F10.5)

72 RETURN
END

li-
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CHAPTER V
COMMON BLOCK

This chapter defines the variables used in common blocks. Theblocks are arranged in alphabetical order.
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CUMMUN BN D- - --
THIS COMMON 8LOCK CONTAINS INFORMATION CONCERNING THE STARTING
"POINT PARAM1g.TERS AND BOUNDS FOR TRACING A RAY DIFFRACTED FROM
A PLATE EDGE AND THEN REFLECTED FROM THE CYLINDER. THE
INFO.RMATION IS GENERATED IN SUBROUTINE EOMPG AND IS USED
IN SUL.ROUTfNE DPLRCL.
VDC(14,6) THIS ARRAY CONTAINS THE ELLIPTIC ANGLE VDC(MP,ME)

DEFINING THE STARTING REFLECTION POINT ON THE CYLINDER
FOR A RAY DIFFRACTED FROM EDGE ME OF PLATE UP
AND THEN REFLECTED BY THE CYLINDER

UL)UC(2) THIS ARRAY CONTAINS THE LINEAR VALUE UDC(N) DEFINING
THE Z CO4PONENT OF THE STARTING REFLECTION POINTS ON
THE CYLINDER AXIS. UDC(I) IS FOR THE MOST POSITIVE
Z LOCATION AND UD(2) IS FOR THE MOST NEGATIVE Z LOCATION.

SPDR( 1,6,2) THIS ARRAY CONTAINS ANGLES PDCR(MPo.E,N) DEFINING THE
PHI CUMPOfNEtIT OF THE REFL RAY DIRECTION OF RAYS DIF BY EDGE
* " CF PLATE MP AND THEN REFLECTED AT STARTING POINT
N UN THE CYLINCER

TUCk( 14,o,2) THIS ARRAY CONTAINS ANGLES TDCR(MP,ME.N) DEFINING THE
REt:L RAY THETA CO4POINENT OF RAY DIRECTIONS FOR RAYS DIF BY
EDGE ME OF PLATE MP AND THEN REFLECTED BY STARTING REFLECTIOn!
POINT N Oil THE CYLINDER.

DTUC(14,o) DOT PRODUCT OF UNIT VECTORS OF RAYS nIFFRACTED
-;•_ BY EDGE M.1E OF PLATE MP AND REFLECTED BY THE PREFERRED

STARTING POINT ON THE CYLINDER
BTDC(10,6,4) THIS ARRAY CONTAINS VARIABLES DEFINING THE

VECTORS HAVING BEEN DIFFRACTED BY THE CORNER OF EDGE
ME OF PLATE MP FURTHEST FROM THE CYLINDER WHICH ARE
TANGENT TO THE CYLINDER.
THE TJJO, ANGENT VECTORS ARE GIVEN BY,

A*BTDC(MP, ;4 E,I).+'*BT)C(MP, ME,2)
u2=•*BTDC(14P,ME,3)+Y*BTDC(MP,ME,4)

7 L)DC(14',Q,2) THIS ARIRAY CONTAINS THE COSINE OF THE STARTING
REFLECTED RAY THETA ANGLE, WHERE

DDC ( MPME. EN )"COS( TDCR ( M P ME ,N ))
* COZAJ.. [:.4DrCL

"• TillS UCC-.'ON BLOCK IS GENERATED IN SUBROIrTINE GEOM AND IS USED
e TU SPJ-CIFY TIlE PERMISSAFLE RANGE OF DIFFRACTION ANGLES FOR

SOURCL RAY- DIFFRACTED FY A PLATE EDGE.
81)( 14,0,2) THIS DEFIVES PERMISSAFLE THETA DIFFRACTION

ANGLES FOR V.EDOE DIFFRACTION
THE PERMISSA•BLE RANGE FOR DIFFRACTION ANGLE B FOR A SOURCE
RAY DIFFRACTED BY EDGE ME OF PLATE MP IS GIVEN BYS

COS(BI )COS(Bo)<COS(B2)
hIERE bO IS *HE ANGLE THE DIFFRACTED RAY RLAKES WITH
*IHE EDGE, AND BI AND B2 ARE DEFINED AT THE CORNERS OF
THE PLATE AS

COS(BI)=BD(MPME,I )
COS(B2 )=BDO(IP, •E,2? .

COA.•MN bNDICL
TIll5 cO'MON BLOCK CONTAINS INFORMATION RELATED TO VECTORS
RErLLCTED FRO. PLATES WHICH ARE TANGEUT TO THE CYLINDER.

TI:- U/TA IS GENERATED IN' GEOMPC,
DTI(I,.) TPIS IS THE DOT PRODUCT OF THE TWO RAYS REFLECTED

BY PLATE MP WHICH ARE TANGENT TO THE CYLINDER
THL CYLINDER FRGM THE SOURCE IMAGE FOR REFLECTION
Fak.. PLATE ltPf

DTI ,MP)uf -f2
" VYI( 1,2) THIS IS AN ARRAY OF ELLIPTICAL ANGLES DEFINING
* I THE TWrO TANGENT POINTS ON THE CYL FOR RAYS WHICH ARE
"* REFLECTED FROM PLATE MA AND TANGENT TO THE CYLINDER.

TANCENT POINT '1 FOR RAY REFLECTED FRON PLATE k,;
AitE GIVEN U•t
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X--P*CCS (VT I (MP, I) )

Y=R*S IN (VTI (MP .t,))
d'11(14,4) THIS JEFINES UNIT VECTORS OF THE TWO RAYS REFLECTED

BY PLATE 'AP AND TANGENT TO THE CYLINDER.
THE UNIT VECTOR FOR THE SOURCE RAY REFLECTED FROM,
PLATE MP TANGENT TO TAN POINT I IS
GIVEN BY'

TBlI ( A9P, I )+•*RTIU('P,2)
"lifE UNIT VECTOR FOR THE SOURCE RAY REFLECTED FROM
PLAIE MP IANGENT TO TAN POINT 2

IS =* 8T I ( tY(MP,3)+7*BTI(MP,4)

COAt:.;uN I3NDhCL
THIS Cul',•,•O BLOCK CONTAINS INFORMATION CONCERNING THE
STAh flI.G PARA;METERS AND BOUNDS FOR RAYS REFLECTED FROM THE
CYLI11DER AND TIIF.N DIFFRACTED FROM A PLATE EDOF. THE INFORMATION
IS GEI.,ERATED IN SUbROUTINE GEOMPC AND IS USED IN SUBROUTINE RCLPPL.
VCD({4,6) THIS ARRAY CCUTAINS THE ELLIPTIC ANGLF VCD(MP,,'C)

THAT DE-INES THE X,Y COMPONENITS OF THE IIEFLECTION
POINT LOCATION FOR THE RAY WHICH IS REFLECTED BY
THE CYLINDEh AND HITS CORNER MAC OF PLATE 4P.

UCD(14,o) THIS AilhAY CONTAINS THE LINEAR VA.UE IICD(?AP,MC)
THAI DEFINE! THE Z COMPONENT OF THE REFLECTION POINT
FOR THE RAY THAT IS REFLECTED BY THE CYLINDER AND
HITS CORNER MC OF PLATE UP.
THE REtLECTION POINT LOCATION I8 GIVEN BY

X=A*COS(VCD(MP,,VE))
Y=B*COS(VCD(.(P,4C 2)
Z=UDC(.P, 4C)

BCD(14,6,2) -THIS ARRAY CONTAINS THE VALUE BCD(MP,ME.N)
T.AT DEFINES THE PERMISSABLE RANGE OF THE BETA
DIFFRACTION ANGLES FOR THE RAY THAT IS REFL BY THE
CYLINDER AND DIFFRACTED BY EDGE ME OF PLATE MP.
THE PERMISSABLE RANGE FOR DIFFRACTION ANGLE BO FOR
THIIS 'lAY IS GIVEN BY$

COS(B )<COS(BO)<COS(B2)
VlfEiE BO IS THE AIIG.E THE DIFFRACTED RAY MAKES WITH
THE EDGE AND ANGLES BI AND B2 ARE DEFINEn AT THE
CORtERS OF THE PLATE AS#

COS(•I )mBCD(XiP.,E, I)
COS (62 )=BCD (MkP, XiE,2)

COmw•,N BN4DSCL
fliI'S CO•1,:ON BLOCK CO1TAINS INFORMATION RELATED TO VECTORS
FHO;.' "iE SCURCE THAT ARE TANGENT TO THE CYLINDER.
THE 011A 1S GENERATED IN SUBROUTINE GEOMC
DiTS THIE IS THE DOT PRODUCT OF THE TWO SOURCE VECTORS

TANGENT TO THE CYLINDER'
DTS=TI T2

VTS(2) V'T. CONSISTS OF TWO ELLIPTICAL ANGLES DEFINING THE
TWO TANGENT POINTS ON THE CYLINDER.
TANGENT POINT N IS GIVEN BY$

X=A*COl(VTS(N))
YUB*SIN(VTS(N))

UTS(4) THIS DEFINES UNIT VECTORS OF THE 1WO SOURCE
kAYS TANGEMi TO THE CYLINDER.
THE UNIT VECTOR FOR THE SOURCE RAY TANGOtER TO
TAN PQ•.N; I IS 01 EN BY#

"If-X*Bl3.(I 1÷•, TS(2)
lht UNII VEQTOk FOR THE SOURCE RAY TANGENT TO
ILAN PýN '2 IS GIJEN BY'

T= A* S ( )+Y*BTS(4)

TI111 (I..iti iLUCtý IS GENERATED IN SUBROUTINE GEOV'PC AND IS
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USED "10 SPECIFY THE BRANCH CUT DISPLACEMENT ANGLE FOR THE
PLATE-CVYLINI)ER REFLECTED-DIFFRACTED AND DIFFRACTED-

, REtLLECTED rEtImS.
PIH'.i( 14,6) IS THE PHI ANGLE LOCATION OF THE CENTER OF EDGE

ME CF PLATE MP, WITH RESPECT TO THE.CYLINDER

.. . CO), , CLL)C- ----------------
THIS CO14i4ON BLOCK( CONTAINS AN ARRAY OF VARIABLES WHICH
ARE m n iIERAED IN MAIN AND SUBROUTINE DPLRCL AND ARE
PASSED THROUGH A SUBROUTINE WINDOW TO SUBROUTINE DFRFpT

T VI'HERE THEY ARE USED
LDkC(14,o) IS AN ARRAY OF LOGICAL VARIABLES.

LDRC(MP,ME) IS SET TRUE IF STARTING POINT DATA IS
AVAILABLE FROiA PREVIOUS PATTERN ANGLE (FOR NEXT
PATTERN ANGLE) WHEN DEFINING THE REFLECTION POINT ON
CYLINDER FOR A RAY WHICH IS DIFFRACTED FROM EDGE ME OF
PLAIE MP AND THEN REFLECTED BY THE CYLINDER

COMMUt, CLRDC
7 THIS COMMON BLOCK CONTAINS AN ARRAY OF VARIABLES WHICH

ARE GENERATED IN MAIN AND SUBROUTINE RCLDPL AND ARE PASSED
THkOUCH A SUBROUTINE WINDOW TO SUBROUTINE RFDFPT, WHERE THEY
ARE USED
LkDC( 14,o) IS AN A-RAY OF LOGICAL VARIABLES.

LRDC(MP,ME) IS SET TRUE IF STARTING POINT DATA IS
AVAILABLE FhOM PREVIOUS PATTERN ANGLE (FOR NEXT
PATTERN NJOLE) WHEN DEFINING TFE REFLECTION POINT ON
CYLINDER FOR A RAY WHICH IS REFLECTED BY THE CYLINDER

7 1AND THEN DIFF,?ACTED BY EDGE ME OF PLATE MP

:OA ,OI. CLRFC
THI S COI,;.iON BLOCK CONTAINS ONE VARIABLE WHICH IS GENERATED
IN MAIN AND SUBROUTINE REFCYL AND IS PASSED THROUGH
A SUUIiCJTIN.E 'INDOV; TO SUBROUTINE RFPTCL, WHERE IT IS USED

4 LRFC IS A LOGICAL VARIABLE WHICH IS SET TRUE IF THE STARTING
POINT DATA IS AVAILABLE FROM PREVIOUS PATTERN ANGLE
(t-O. NEXT PATTERN ANGLE) WHEN DEFINING THE REFLECTION
"POINT ON THE CYLINDER

COUAut;. CLRFI-
THIS COION BLOCK CONTAINS AN ARRAY OF VARIABLES WHICH ARE
GENEdITE) IN MAIN AND SUBROUTINE RPLRCL AND ARE PASSED
ITHlROuUil A SUBROUTIKE WINDOW TO SUBROUTINE RFPTCL, WHERE
THEY IRE USED
LWFI(14) I AN ARRAY OF LOGfCAL VARIABLES. LRFI(MP) IS SET TRUE IF

SFARTING POINT DATA IS AVAILABLE FROM PREVIOUS
PATTERN ANGLE (FOR NEXT PATTERN ANGLE) WHEN DEFINING
REFLECTIOII POINT ON THE CYLINDER FOR A RAY REFLECTED
BY PLATE M4R AND THEN REFLECTED BY THE CYLINDER

CUM1AUl. CLRFS --

THIS LOXUON BLOCK CONTAINS AN ARRAY OF VARIABLES WHICH IS GENERATED
IN 9AIN AND) SUBNOUTINE RCLRPL AND IS PASSED THRO1GN A
SUBROLi'IJE IINDOI'. TO SUEROUTINE RFPTCL, WHERE IT IS USED.
LRiS(1,,) IS Ati ARhAY ')F LOGICAL VARIABLES.

LNHS(,P) IS SET TRUE IF STARTING POINT DATA IS AVAILARLE
FOR THE NEXT PAIIERN ANGLE WHEN DEFINING THE REFLECTION

-4 POINT ON A CYLINDER FOR A RAY REFLECTED BY THE
CYLINDER AND THEN REFLECTED BY PLATE UP.

CUN:AUt, CU:AP---- - --T rHIS L,,'AON BLOCK CONTAINS TWO CONSTANTS USED THROUGHOUT"• "~~IIE PROO(."•A1

CiJ "li" IMA;IP:ARY CONSTANT, J (-SORT(-I))
CP14 "fIL COMPLEX CONSTANT, CEXP(-J*PI/4)
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COA hut', DIR*
rHIS COMoAON BLOCt, CONTAINS INFORMATION SPECIFYING THE DIRECTION OF
PROPAGATION (THE DESIRED OBSERVATION DIRECTION).
THE Ihft-OR'AATION IS COMPUTED IN THE MAIN PROGRAM
D(-) THE UNIT VECTOR OF THE PROPAGATION DIRECTION IN

(XYZ) REFERENCE COORDINATE SYSTEM COMPONEITSI
[)='Z*D( I )+?*D(2)+t*D(3)

THSR THETA ANGLE DEFINING PROPAGATION DIRECTION IN SPHERICAL REFERENCE
COORUINATE SYSTEM (MEASURED FROM Z-AXIS) IN RADIANS

Pll&H PHI ANGLE DEFINING PROPAGATION DIRECTION IN SPHERICAL REFERENCE
COO•DINATE SYSTEM (MEASURED FROM X-AXIS) IN RADIANS

SPs iIIE SINE OF PHSR
CPS ThiE COSINE OF PHSk
STHS ThýE SINE OF THSRCTHS THE COSINE GF THSR

CUMl•ltm DOUbLE
THIS COIMONl BLOCK CONTAINS INFORMATION DEFINING ANGLES WHERE
DUULLE DIFFRACTION TERMS V.OULD BE SIGNIFICANT (SHADOW
BOUNI)IHIES r-OR SINGLE DIFFRACTED RAYS)
'IlU(Jol) "IHIS INTEGER IDENTIFIES WHICH EDGE THE FIRST

ID)IiFRACTION OCCURS FROM AND WHICH PLATE SHADOWS IT
FOR A GIVEN PATTERN ANGLE, II

IU(14,o) THIS INTEGER ARRAY IS USED TO STORE THE PLATE THAT
SHADO14S THE RAY DIFFRACTED FROM EDGE ME OF PLATE
MP ( ID(ME,4P)).

11 THIS INTEGER VARIABLE IDENTIFIES THE OBSERVATION

ANGLE UNDER CONSIDERATION

COI ,O. E'1,1AG- --
rHIS CO&'?.iOt. BLOCK IS GENERATED IN SUBROUTINE GEOM AND IS USE) TO 4,
i•JFIi•E PLATE EDGE LENGTHS
V:,MAu(14,o) THIS DEFINES THE LENGTH OF EDGES ON PLATES IN WAVELEN('THS.

THE LENGTH OF EDGE ME OF PLATE MP IS GIVEN BY 7"
V MAG( MP •E )t C.�)IP:Ot ESrTR

THIS COM.AO'! BLOCK IS USED IN MAIN TO STORE THE TOTAL ELECTRIC

THIS COVPLEX ARRAY IS USED TO STORE THE TOTAL
E-THETA FIELD

EPHT(ý`l) THIS COM:PLEX ARRAY IS USED TO STORE THE TOTAL
E-PHI FIELD

CO.i,,l. FARP -

THIS COM,,,Otl 3LOCK DEFINES THE TYPE OF SOURCE USED AND THE
)I?.•.-i"NIOhS O0- IHE SOURCE (VARIABLES DEFINED IN MAIN PROGRAM) .
IAt THIS DE-I:iES THE TYPE OF SOURCE USED,

I!.'-0 SPECIFIES ELECTRIC SOURCE
I-1=l SPECIFIES MAGNETIC SOURCE

H THL LEIGITH (,F THL SOURCE (IN THE DIRECTION OF THE SOURCE
CURk ENT) I.1 VlAvELENGTHS

HAW: THE APERTURE 'IDTFi IIN WAVELENGTHS (WIDTH OF THE SOURCE) -
(IF HAW IS LESS THAN 0.1 W1AVELENGTHS , THE CODE
A$SUI.MES TIlE SOURCE TO BE A LINE SOURCE)

-,0 .',I. H:iJ'AT
fIll. CL'.OI BILOCK CONTAINS SO'JUCE PATTERN
FAL:U, IN1FI(MATION FORi USE WHEN THIE USER
CIlL.ICLS 10 k) !FI;JE lHE SCUIPCE PAITERN kROUA DATA OMTAINFD ELSEWHERI:
rU Ls. USED IN AN' INUTERPOLATION SCHEME
EvL,!;( .ol) THIS Q(U1,PLEX ARRPY DEFINES THF E-PLANE PATTERN OF THE

SOURCE

HLU( oI ) 11I1S COPPLF). AdRAY DEFIIES THE P-PI.AJý PATTERN OF THE
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COMMONJ FIJ AUG
rHIs COmMO, BLOCK DEFINES WIEDGE ANGLES FOR PLATE EDGES. IT 15
OENERATED IN SUBROUTINE GEOA AND USED IN DIFFRACTION COEFFICIENT
CALCULATIONS.
"FIP(l•z, ) I'EDGE ANGLE OF EDGE ME OF PLATE MP

FNP(MP,, E)=(2*PI-NA)/PI ,WHERE WA IS THE INSIDE
ANGLE OF THE WYEDGE. IT IS RENAMED FN IN THE MAIN
PROGRAMI BEFORE CALLING DIFFRACTION SUBROUTINES
NOTE; IF TWO PLATES INTERSECT, DIFFRACTIO'N CALCULATION IS ONLY
CALCULATED ONCE, EVEN THOUGH TWO DIFFERENT EDGES ARE INVOLVED.
'IT"EREFORE, THE WEDGE ANGLE FOR ONE OF THE COMMON EDGES
WILL BE SET NEGATIVE AS A FLAG AND THE DIFFRACTED FIELD
I'.ILL ONLY BE CALCIHALTED ONCE FOR THE COMMON EDGES
(THE FLAGGED EDGE IS IGNORED)

k;MQNut. FRUOG-----
THIS COMI'.1uo BLOCK IS USED TO TRANSFER DATA CONCERNING GEOMETRICAL
,OP1*1t. IiEFLECTION FROM. THE CYLINDER IN SUBROITINE REFCYL TO
SUBROUTIIIE SCTCYL
THAN THE SPREAD FACTOR AND PHASE OF THE 0.O. FIELD
ESIH TiEIA AND PHI COMiPONENTS OF SOFT COMPONENT OF FIELD INCIDENT
ESPH Oil CYLINDER REFLECTION POINT
FHTH (THET-A AND PHI COMPONENTS OF HARD COMPONENT OF FIELD INCIDENT

EHPH ON CYLINDER REFLECTTON POINT
XhU(3) X,Y,Z COMPONENTS OF THE REFLECTION POINT LOCATION IN RCS
RG RADIUS OF CURVATURE OF CYLINDER AT REFLECTION POINT
.RiUl RAY SPREADING RADIUS IN PLANE OF CYLINDER CURVATURE AT

REFLECTION PCINT IN RCS
SMAG DISIANCE FROM' SOURCE TO REFLECTION POINT
LThF FET TRUE IF GEOMETRICAL OPTICS REFLECTED FIELD

IS NOT PRESENT

CO.01UI, FUDGI
filS COPM.ION BLOC.K IS USED TO TRANSFER DATA CONCERNING
UECAICi-ICAL OPTICS REFLECTION FROM A PLATE THEN FROM THE
CYLIt;LER I1L SUBROUTINE RPLRCL TO SUBROUTINE RPLSCL.
TRAil THE SPREAD FACTOR AND PHASE OF THE GEOMETRICAL OPTICS

FIELD
- ESTH THE THETA CC:.¶PONEflT OF THE SOFT COMPONENT OF THE

FIELD INCIDENT ON CYLINDER REFLECTION POINT AFTER
PLATE REFLECTI ON

E$PH PHI COMPONENT OF SOFT COMPONENT OF THE FIELD INCIDENT
ON IHE CYLINDER REFLECTION POINT AFTER PLATS REFL.

"Ei•ihi THL-rA COMPONENT CF HARD COMPONENT OF FIELD
IiICIDENT ON CYLINDER REFLECTION POINT AFTER PLATF REFLEC(TION

EHPH PHI COMPONENT OF HARD COMPONENT OF FIELD INCIDENT
ON CYLINDER REFLECTION POINT AFTER PLATE REFLECTION

Xfi(3) X,Y.Z COAPONENTS OF THE REFLECTION POINT LOCATION
IR III iCS

k(; RAY SPREAUIt(; RADIUS IN PLAINE OF CYLINDER CURVATURE
Af itEFLECTION POINT It: RCS

RHOI RtAY SPREADIFG RADIUS IN PLANE OF CYLINDER CURVATURE
AT hEFLECTIU.J POINT IN RCS

S.AAG 1)ISIANCE FRCM THE SOUkCE IMAGE TO THE CYLINDER
REFLECTIOII POINT

Lfkil 5"T rkUE IF GEWAFTRICAL OPTICS REFLECTED FIELD
IS 1.O' PRESEUT.

I1IIb CO'..U1t aLoC, If USEDU TO TRANSFER DATA CGNCEIJNING GFOkETRICAL
UP1 i'.ý iih-L.ECTI, 1:1o.,CM 11E CYLINDER AND THEN A PF.ATE IN
SUbIRULT *InR RCLkLL TO SUPRIlOTIOVW SCLRP:.
ThAN Tmai SSIhEAD FACTOR AND PHASE OF THE 0.O. FIELD
EST'H THKiA AN} PH;I COMPONENTS OF SOFT COXPONENT OF FIELD INCIDENT
t:bP 04 YL , Y[i...O •h:'FLECTI ON POINT
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EHTh TiEiA AND PHI COM.PONENTS OF HARD COMPONENT CF FIELr) PICIflFT
EHPFi O. CYLINDER REFLECTION POINT
Xi,(...) X,Y,Z COMPONENTS OF THE REFLECTION POINT LOCATION IN qCS
RU RADIUS UF CUkVATIURE OF CYLINDER AT REFLECTION POINT
IfliC I RAY SPREADING kADIUS IN PLANE OF CYLINDER CURVATURE AT

REFLECTION POINT IN RCS
S..AQ DISTANCE t6RGM SOURCE TO REFLECTION POI?'T
LTiWJ SET TRUE IF GEOMETRICAL OPTICS REFLECTED FIELDIS f-;OT PRESENT

cC-'.,,.Ot GEOCIFL

THIS CO:40'O.. BLOCK CONTAINS INFORMATION DEFINING THE ELLIPTIC
CYLINbER GEOMETRY (SPECIFIED IN MAIN PROGRAM FROM DATA INPUT)
A RADIUS OF ELL CYLINDER ALONG X-AXIS OF

THE CYLINDER III WAVELENGTHS
RADIUS OF ELL CYLINDER ALONG Y-AXIS OF
THE CYLINDEh IN I'.AVELENGTHS

ZC(2) POINT WHERE END CAP MC INTERSECTS Z AXIS OF REFERENCE
COOi DI NATE •YSTE?.
THE VARIABLE ZC(I) REFEkS TO THE MOST POSITIVE
END CAP AND THE ZC(2) REFERS TO THE MOST NEGATIVE
EID CAP

S5lC(2) THIS IS THE SINE OF THE ANGLE BETWEEN THE Z AXIS AND THE
PLANE OF END CAP MC (ANGLE MEASURED IN X-7 PLANE)

CIsC(2) THIS IS THE COSINE OF THE ANGLE BETWEEN THE Z AXIS AND THE
PLANE OF END CAP MC (ANJGLE MEASURED IN X-Z PLANE)

C"C(2; THIS IS THE COTANGENT OF THE ANGLE BETWEEN THE Z AXIS AND THE
PLAN E OF END CAR ?C (ANGLE MEASURED IN X-Z PLANE)

COI,;Ut, GEOPLA ----------
THIS COhONl BLOCK CONTAINS GEOMETRICAL DATA DEFI4ING THE
;EL;ýit-RY Or THE PLATES (CALCULATED IN SUBROUTINE GEOM)
X(1,,o,') THIS ARRAY DEFINES CORNER LOCATIONS FOP ALI. OF THE PLATES IN

THE (XYZ) REFERENCE COORDINATE SYSTEM COMPONENTS
I 4 kAVELEtI1I115
THE LOCATION OF CORNER MC ON PLATE MP IS AS FOLLOWSt

X=X ( kP,?4C., I )
I • •=Y=X(MPMC,2)

V(i4.(,3) "INIS DEFINES THE EDGE UNIT VECTOR FOP EACH EDOE ON
LACI PLATE.-

THIE EU• VECTOR V OF EkGE &RE ON PLATE MP IS AS FOLLOWS''•'•*V(MME I)+YV*VVAP.:AIEo2)4Z*VCIPo.E.3).

(NOTE THAT EDGE ME IS BETP-•EN COPPERS MC AND MC*I
W1HERE MCME)

v( 14.0,3) THIS DEFINES THE UNIT BINORMA. FOR EACH EDGE ctl EACH

PLATE IN (XNZ) REFEREN'CE "YSTEU COPPONENTS
IHE EUO;LBINORAL FOR ED(.i ME OF PLATE UP IS AS FOLLOWS&

h (,pmp. ME. I)*P(PM,)tVUPlE3
Vti( IRHIS VEFINES THE UNIT NORMAL FOP EACH PLATE IN (XYZ)

kri-ERENCE CLORI~rNATE SYSTE' COPPWCNENTS
THE PLAT IUNIT ti•wiAL FOR PLATE IP IS GIVEN AS FOLLOWVS&VI'•,."VN (P,• I ) ,?*VI( MP.,2 )+•.tVtI(OP,,3)73MIP( It) OfIS 15 WEGEP AIHJAY DEFINE.S THE NI.IRER EO- FDGF.S
(Q,• CORIiiiS) ON PLATE UP

i Tlhl INr1ri;tk DEFI.:ES ThE NUUHER Ot: PLATES IN
IlIE OEO2.'FT0 (tHI I'JCLUDItiJ NICONI) PLATE)

*c xUx dl. t,', .l!t'l. ---- 3
h cu'.;OMI.GCK tIIJS IOI, NMA7TIOCl CONCERNICtt, 7H4 i'lFI'fITf C.ROtpNfl

P'LAN,;.
L L, GICAL VRI4AIL-: USED TO ItW)ICATE IHE PI4ESFNfE OF AN

LoN'Ir.-T I!IIICATEIA ('1tfl'It) PLA•r PRk'lFFNT
LGk4?LPaD 101)I("7ATES GROUWID) PLANE NOr U.S%.

1.,I Th-: ? A NI.-; NU'"F14 OF PI.ATES PISFFrT INICI.lOING THE
(,.RLj P.,Art: IF CUiE 4s UFFI,)
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r~I~c':..tDCLOC9 CONTAIIIS INFPORMATION RELATED TO THE
CaLEEV'I G 41iVES INl SUBROUTINES SCTCYL. UP!SCL *Sd.-

HkLATIVF TO TlHE CYLINDER AXIS IN RADIANS)
IV Dc LAC FOR tFIIICTION FCT
SA-' THE SINE OF AS
SASP THlE ABSOLUTE VALUE OF THE SINE OF AS-PI/2
CAS THE COSINE OF AS

CUXII4UI. HIf(LT
THIS CoWxUAL: 6LOCK CONTAINS A VARIABL.E THAT IS DEF~INED
11; SukltOUTINE PLAINT AND IS USED IN SUBROUJTINE GFOM
Futt IM-tr[IFYIIIG IIOUBLE DIFFRACTIONS FOR PLATES
J9PH THE NUMBER OF THE PLATE I441CH TH4E RA'Y 14111 FIRST

THIS COA.L.OH BLOCK( DEFINES SOURCE IMAGOE LOLPTIONS AND3 UIRFc;TIONS FOR kEr'LECTICH FROM PLATES. (CALCULATED IN GEOM)
X(1(4,14,3) TI!'S GIVES THE SOURCi IMAG-E LOCAT104S IN

hAVELEN(3THfS Foft ALL SINGLE AND DOUBLE REFLECTIONS
iFHium PLATES
182 SOURCE Ir.AQE LOCATION FOR A RAY WHICH4 IS SINGLY ~REFECTEDII NtW~x PLATE MP IS IVvEN BY#

Y-X I (XP.AP. P2)

1HE SOUliCE IMAGE LOCATION FOR A DOUBLY REFLECTF0 RAY WHICH
kEI-LECTS OiF OF PLATE UP AND THEN PLATE UPP IS GIVEV 90.

Xax I C!P. A'PP. I)
Y-KI C(AP !'P,
Z-xI CNPhPP.3)

VXI(J,5,141 TFIS SPECIFIES SINGLE REFLECTIL~J SCOPCE IMAGE
C00fUI~lATF LYSME AXES UNIT VECTORS 1N (XYZ) REMERNCE

FOR 511GE k:LECTIOII OF SOURCE IN PLATE 4P AVE
GIVEN RY I
GIVE" as.X(lp4VI,2M)%X(..P

I Z~2.VXC3..4P) 1 ibV~t~2. M).7VXI(3.3.VO)

cotkul. j;tCINF - - - -

THIS ~L-LWK CW1TAIN! IINFCP0AT1ON DEFINItIG THE SOURCE 14AGE
t-U SlQA Ui.$LiCTIflI F1104 A CYLINDFR ENn CPP IN IWAVREIEMTTS.

!'HL I-cirO S GENtERATEDI IN GFOWC AND 1001R.
*IC(2.,ý) TPIS 'WIVES THE SOURCE PACE LOCATIO14S FOR SINGLE

WRi-LECTW~NS FIUV CYLINDOER ENID CAPS.
TIN. SOUICLE LM*A1.UPI FOR REFLFCTI(*A FROM
Vio CAP )K' IS GIVEN IN Tti RCS %S4

YNIXctýC(.21

~IC( ~ TNIS M*iltES THE SOURCE IMAGE CIOfl4Dlh#ATE
SYbLAM AXES i-04 14L.ECTIVN FROu F~Jr CAPS.

'MSotlc-AAC*E COORDINATE SYTMn AXES WtIT
ViýC-1041S kOP A RAY Ri4ftiCOFLCWDItV E~n) CAP $1C ARE
UlVCiz IN. llE R1CS AS FI1,,ý,St
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J .:0?lMUN LJCU.Y
I'HIS A•RAY OF VAIt[;LES IS COM4PUTED IN SURROUTINE GEOMPC
LLC(J.;,o) LOGICAL VARIABLE i

LDC(MP,XIE) IS SET TRUE IF EDGE ME OF PLATE MAP IS
PA'II OF A DI FFRACTIPG IEI)GE USED TO CQMPIITE
DIFFRACTED FIELDS FOR PLATE DIFFRACTED. CYLINDER
HEFLECTED R.i

COU.Mult, LgJU [F
iHIS COIK'.tOI; BLOC;< CONTAINS INFORMATION THAT INDICATES WHETHER OR
f'Jol SLOPE ANt. CORNEik DIFFRACTION
tMECHANISM.1S ARE TO EE INCLUDED IN FIELD CALCULATIOI"S
LSLt,PE A LOGICAL VARlAFLE USED TO INDICATE IF SLOPE DIFFRACTION

IS D"ESIRED
LSLOPE=T INDICATES SLOPE DIFFRACTION DESIRED
LSLOPE=F INDICATES SLOPE DIFFRACTION NOT DESIRED

LCUR1Nh A LOGICAL VARIABLE USED TO INDICATE IF CORNER DIFFRACTION
IS DES k'ED

LCORNR=T INDICATES CORNER DIFFRACTION DESIRED
LCORNR=F INDICATES CORNER DIFFRACTION NOT DESIRED

CO kU?.I, LPLCY
THiS COM:•.:,J BLOCC< CONTAINS LOGICAL VARIABLES fIlDICATING THE PRESENCE
UR ABSENICE OF PLATES AND CYLINDERS IN THE GEOMETRY (SPECIFIED IN)
,iAIN FROGRAmA)
LPLA A LOGICAL. VARIABLE USED TO INDICATE THE PRESENCE OF AT

LEAST OtE PLATE OR INFINITE GROUND PLATE
LPLA=T INDICATES PLATES ARE PRESErr
LPLA-F INDICATES PLATES NOT PRESENT

L-"YL A LOGICAL VARIABLE USED TO INDICATE THE PRESENCE OF
AN ELLIPTIC CYLINDER

LCYL=T INDICATES CYLINDER PRESENT
LCYL=F INDICATES CYLINDER NOT PRESENT

COAM,,U1. LSHDP
THIS COlt'.,-ON BLOCi, IS USED TO TRAJJSFEIR DATA BETWEEN SUBROUTINE GEO.'
AND SUBROUTINE PLAINT FOR THE TOTAL SHADOII'ING ALGORITHM

.LSiS A LOGICAL VARIABLE SET TRUE IF TOTAL SHADOWING ALGCRITHA-
IS bEING USED

LSTD(14,) A LOGICAL ARRAY SUCH THAT
LSTD(tAL) IS SET TRUE IF PLATE ML TOTALLY SHADOWS PLATE MP
FROMY. THE SOURCE

COt '-Ot LSIICT
THIS COt.:)I" BLOCK( CONTAINS INFORMATION INDICATING PLATES THAT
AHE TCTALLY SHA[,OWED FROY.1 THE SOURCE OR PLATES JN4ICH ARE SHADOWED
FkO?.l CTHEH PLATES (GENERATED IN SUB. GEOA'AND USED IN MAIN PROGRAM.)
LSHL(14) A LOGICAL VAPIABLE USED TO INDICATE IF PLATE XlP IS TOTALLY

SHADOWED FROM THE SOURCE BY ANY ONE PLATE OR THE CYLINDER
LSHU(MP)wT INDICATES PLATE JP IS TOTALLY SHADOWED FRO'A
DIRECT SCURCE RAYS
LSNI)(AP)=F INDICATES PLATE MP IS NOT TOTALLY SHADOWED

LIlfr;( 1,14) A LOGICAL VARIABLE USED TO INDICATE IF PLATES
Atz AND .4PP CANNOT ILLUAINATE EACH OTHER
LIHI(A4P,.'PP)=T INDICATES PLATES CANNOT ILLUMINATE EACH OTHER
LIHU (t.lPMt.PP),,F INDICATES PLATES CAN ILLUMINATE EACH OTHER

('u,.,'.A- -(-,-T-tr
dI'S C•.U' iBLO(.- C;ONTAIINS INFORMATIOtN USED TO ORTAIN THE
ittt, l'Lk FIELD OUTPUI II SUPIIOUTINE OUTPUT. 1
LPHAI, THIS, LOGICAL VARIABLE IS SET TPUE IF TOTAL POWER

IA,)IATEIý HY T7Il 'OURCES IS SPECIFIED 9Y THE USER
LRA:11; "iilt LOGICAL VARI.ABLE IS SET TRUE IF COmmP.!TED

t-AN-ZONE I•E.I) VPLIIES ARE TO INCLUDE RANG. FACTOR
(CEXP(-Jwl)/Id

PiAD "1).'Al. l,(,' iAI)IATTIf0) (OR JP!D11T POWI lR IN WATTS
.SpIC IFIII0 1-Y "ipF USFI?)
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,1A ;h!,ISjA1 At,'. tFHOM, THE ORIGIN TO THE FAR FIELD

4 L '•" :;AELEN,.T'i IN M!ETERS

:,)I. `,)f, PAi[.,At
I CL...:. iL EFiNiES THE PATTERFI CUT COORDINATE SYSTEM.

C•.;ITU T'S DEFINPEý THE PAITERN CUT COORD SYSTEi X AXIS UNIT
vtC-Ok It! (XYZ) REF. COORD. SYS. COMPOENTrS
THE X AXIS UNIT VECTOR IS GIVEN AS,

XP =T*XPC( I )*Y*XPC(2)+÷*Xpc(j3)
YPL(.) iI'5 {,DEFI'NEF THE PATTERN CUT COORD SYS Y AXIS UNIT

vtCiol? 1N (X•yZ) RCS COMPONENTS
iiE Y A .L.S UNIT VECTORl IS GIVEN AS:

p;PC='A YPC (I ).+*YPC(2).+*YPC(3)
"P '(J1 A-I; 1 EFIINEý TuE PATTERN CUT COORD SYS Z AXIS UNIT

vEC.'Cm I' (XYZ) REF. COORD. SYS. COMPONENTS
THE Z X,. UI;T VECTOR IS GIVENý AS'

L:PC=-X,*ZPC( I )+?'*ZPC(2)+÷*ZPC(.3)
(;CJ:,.A•J. FIb---------------

FHIb L'.i.O ! ,I.OCK CONTAINS M.ATHEMATICAL CONSTANTS BASED ON
THE .NLt 1i:. P1 iV;IICF ARE USED THROUr3HOUT THE PRORAM
THEY h•E D)-FIJED I': THE BLOCK DATA.
P! INE CONSTANI, PI (3.14159265)
fl{pI A CQNSTANT, T;IO TINES PI (6.28318531)
DPR TiHE CONVF.ISION FACTOR FOR CONVERTING ANGULAR MEASUREMENTS

I: kIALIANS 170 DEGREES (=188/PI=57.2957795)
11PU "AE CoNVFI•SICfJ FACTOR FOR CONVERTINC ANGTILAR MEASUREMENTS IN

DEGREES TO hADIANS (=PI/181w0.01174532925)

""u.muN aODHDT ,-
ZHIS CUfON'.U. LO; ' UE;:I,:ES THE NEW REFERENCE COORDINATE SYSTEM AXES
DIkEC1IU4S. IT IS DEF!INED FROM INPUT DATA IN THE MAIN
P.,d,. Ail,) IS USED It; SUBROUTINE ROTRAN TO TRANSFORM LOCATIONS

VA:D 'ECT)'l$ FhOf.' OLD REF COORD SYSTEM COMWONENTS TO NEW REFERENCE
C(X~L ,IN'fE SYST., COMIPONENTS. THE NEW, REFERENCE COORDINATE SYSTEM IS
TilE C\LItNDESi COOR*DIN-ATE SYSTEM (IF A CYLINDER IS PRESENT).
It: TiAE CYLINDER IS NOT PRESENT THE TRANSFORMATION IS NOT NECESSARYISBJ(CE THE REFERENCE COORDINATE SYSTEID REMAINS THE SAME COORDINATE
SYSTt.M IN VHICH THE GEOA.ETRY WAS DEFINED
XUL(J) THIS DEFINES THE NEWI REFERENCE COrRDINATE SYSTEM X-AXIS UNIT

VECIOR It! OLD REFERENCE SYSTEI COMPONENTS
THE RCS X-AXIA UlITl" VI.CTOý,IS DEFINEQ ASS

X=XO*XCL( I )+YO*XCL(2)..O*XCI.(3)
YCL(.2) THIS DEFINE! THE NEA REFERENCE. COORDINATE SYSTEM Y-AXIS UNIT

VECTOR IN OLD REFERENCE SYSTEM COAAPONENTS
THE RCS Y-AXIý WIT VECTOIIS DEFINQ ASS

Y=XO*YCL( I )4- O*YCL(2)÷ZO*YCI.(3)
ZCL(3) THIS DEINJES T!iE NEW REFERENCE COORDINATE SYSTEM Z-AXIS UNIT

Vt•.IOR IN OLD REFERENCE SYSTEM COMPONENTS
"I*'- RCS Z-AXIS M'IT VECTONj.IS DEFINE AS'

-' 0*ZCL(1)+••'*ZCL(2)•'Z*ZCL(3)
;%HEhE XO.fZA ,AE UNI" VECTORSý OF THE OLD REPERENCE
COWtD SYS AXrS

C umAU SOti I NF
rTIS (",C A.'I. FLOCK CONTAINS INFORMATION PERTAINING T0 THE LOCATION
AND JiIrI[TATION OF IHE FOURCE UNDER CONSIDERATION' (SPECIFIWD IN
N! A I i, .; t ) AM
XS(J) i.HE LOCATIO1, OF "]1E ýSOURCE IN (XYZ) REFERENCE COORDINATE

SYSIr:. CoMPCNENTS IN WAVELEN,'TIVS
VXb(3,.3) A 3X3 hA'IlX DEFINING TIIE SO1URCr. COORDIVATE

sysrEM AXES UNIT VECTORS IN REFERFNCE COORDINATE SYSTEM

1
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CO•P ONE•,'TS
C NT 'S *Vxs(i, I )+?*VXS( ,2)+*VXS(1,3)

*X*VXS(2, 1 )+Y*VXS(2,2)+ *VXS(2,3)
="'Z*VX S(3,1I)+'?*VXS(3,2 )÷"*VXS(3.3)

COI..Ut, SOURSF
(HI . CO,4.Of BLOCK CONTAINS A SOURCE FIELD FACTOR.
11 IS C.'APUTED IN SUBROUTINES GEOt. AND GEOMC AND IS USED
IN SULRXOUTINE SOURCE AND SOURCP.
t-ACTOR THIS IS A COEFFICIENT OF THE SOURCE FIELJD USED

TO OBTAIN THE CORRECT FIELD MAGNITUDF FOR SOURCES
MOUNTED ON PLATES OR END CAPS (IN ORDER TO
COMPENSATE FOR IMAGE EFFECTS). FACTOR IS GIVEN AS
FOLLOWSt

FOR ELECTRIC SOURCESS
FOh SOURCE NOT MOUNTED ON PLATE OR END CAP,

FACTOR= I.0
':Ok SOURCF MOUNTED !IORMAL TO PLATE OR END CAP,

FACTOR=I .0
FOh SOURCE MOUNTED ON PLATE OR END CAP BUT NOT
NORMAL TO IT,

FACIOR= .5
FOR MAGNETIC SOURCES,

FOR SOURCE NOT MOUNTED ON PLATE OR END CAP,
FACTL;R=1 .

FOh SOURCE MOUNTED ON PLATE OR END CAP AND
PARALLEL TO IT,

FACTOR=2 .d
FOR SOURCE MOUNTED ON PLATE OR EID CAD, BUT NOT
PARALLEL TO IT,

FACTOR- =.0

COtMOt" SlRFACC
THIS CO'tMO.' BLOCK IS DEFINED IN SUBROUTINE GEOMC AND IS USED IN THE
MAIN tP ROGI-`A,
LSRkk-C(C.C) A LOGICAL VARIABLE INDICATING WHETHER OR NOT

THE SOURCE UNDER CONSiIDERATIOII IS /OUNTED ON CYLINDER
END CAP MC
LSRC(;MC)=T INDICATES SOURCE MOUNTED ON ElID CAP X.C
LSUFC(MC)=F INDICATES SOURCE NOT MCUNTED ON END CAP MC

CO?,MOI, SURFAC
THIS ELOCK IS DEFINED IN SUP-IOIJTINE GEOM AND IS USED IN THE MAIN
PhOGRAA; AND IN SEVERAL SUBROUTINES
LSURFt(14) A LOGICAL VARIABLE INDICATING WHETHER OR NOT

THE SOURCE UNDFR CONSIDERATION IS YOUNTED ON PLATE MP
LSUikF(tAP)=T INDICATES SOURCE MOUNTED ON PLATE MP
LSUkF(.P)=F INDICATES SOURCE HOT MOUNTED ON PLATE MP

CO )O.uI\ TES'I
THIS COPMON BLOCK CONTAINS LOGICAL VARIABLES USED TO INSTRUCT
TIHE C.DhE WHETHER OR NOT A PRINT.,r'JT OF TEST DATA. IS DESIRED.
LDEBUI(, THIS LOGICAL VARIABLE 13 SET TRUE IF DEBUGGING DATA IS TO

BE PRINTED ON LINE PRINTER
LIESTf THIS LOGICAL VARIABLE IS SET TRUE IF TEST DATA IS TO

BE PRINTED ON LINE PRINTER

Cot10. 1I, IIPUV---
THIS (;UOM, *'1N BLOCK CONTAINS INFOPMATION DEFINING THE THETA AND PHI
POLAuIlZATION UN!T VECTORS FOR THE OBSERVATION DIRECTION (COMPUTED IN
MAIN P11OGRAM)
[)T(,) THE THETA UNIT VECTOR FOR OBSERVATION DIRFCTION D

IN HCt5 (,QMPONENT,-•*'•"•*T (t ) +"?*lT (2 ) +2,DT (3 )
UP(-) THE PHI II1IT VECTOR FOR OBSERVATION DIRECTION 0 IN REFFRRICE
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11~ ~ ~ Sbh) Hi S ý Ce:.o'BLCCOANS A CON--JANT USED Itt THE DIFFRACTION

TOP THE COMPLEX CONSTANT, -CEXP(-J*pI/4)
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CHAPTER VI
SYSTEM LIBRARY FUNCTIONS USED BY CODE

ACOS(X) = arccos of X; result in radians
AINT(X) = X truncated to an integer and set real
ALOGIO(X) = log to base ten of X
ATAN2(Y,X) = arctangent of Y/X; result in radians covering all four

quadrants
CABS(Z) = magnitude of the complx number, Z
CEXP(Z) complex exponential (e ) 1.(Z'
CLOG(Z) complex log of Z (ln Z +j tan- RZ)
CONJG(X) = complex conjugate of Z
COS(X) = cosine of X
CSQRT(Z) = square root of t complex number, Z
SIGN(X,Y) = sign of Y times absolute value of X
SIN(X) = sine of X
SQRT(X) = square root of X
TAN(X) = tangent of X
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